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Figure 1 

Study CNS 7056-002 
Cohort Success rate nin (%) Reasons for failure 
Intitial dose 

Cohort 10/15 (66.7%) Insufficient sedation (n=5) 
0.04 mg/kg 

Cohort 2 15715 (100%) No failures 
0.075 mg/kg 

Cohort 3 9/14 (64.3%) Insufficient sedation (n=4) 
0.10 mg/kg Adverse event' (n=1) 

Study CNS 7056-003 
Drug Success rate nin (%) 
Dose 

CNS 7056 8/25 (32.7%) 
0.10 mg/kg 

CNS 7056 14/25 (56.0%) 
0.15 mg/kg 

CNS 7056 16125 (64.0) 
0.20 mg/kg 

Midazolam 11125 (44.0%) 
0.075 mg/kg 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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Figure 6 
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Figure 7 
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DOSING REGIMEN FOR SEDATION WITH 
CNS 7056 (REMIMAZOLAM) 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

This application is the U.S. National Stage of Interna 
tional Application No. PCT/EP2011/005581, filed Novem 
ber 7, which designated the United States and has been 
published as International Publication No. WO 2012/062439 
A1 and which claims the priority of European Patent Appli 
cation, Serial No. 10 014.366.8 filed Nov. 8, 2010, European 
Patent Application, Serial No. 10 014784.2 filed Nov. 19, 
2010, European Patent Application, Serial No. 10 014.819.6 
filed Nov. 22, 2010, European Patent Application, Serial No. 
10 014. 972.3 filed Nov. 25, 2010 pursuant to 35 U.S.C. 
119(a)-(d) the description of which is hereby incorporated 
by reference. 

BACKGROUND OF THE INVENTION 

The invention relates to a dosing regimen for sedation 
with the benzodiazepine 3-(4S)-8-bromo-1-methyl-6-(2- 
pyridinyl)-4H-imidazol-2-a 1,4-benzodiazepin-4-ylpro 
pionic methyl ester (CNS 7056; Rimimazolam) in combi 
nation with an opioid, in particular fentanyl. 

Sedation is a medical procedure involving the adminis 
tration of sedative drugs to facilitate or enable a therapeutic 
or diagnostic procedure on a living subject. Sedation repre 
sents a hallmark of modern medicine and is widely used with 
its application ranging from minor Surgery or diagnostic 
procedures up to ventilation of patients in intensive care 
units. Several classes of sedatives are known; among them 
benzodiazepines, which are often used and administered in 
combination with opioids. This combination represents the 
current gold standard for sedation. 
The identification of an optimal dose and dosing regimen 

represents the most critical point when using sedatives. This 
is due to the high variability of blood concentrations 
together with high inter-individual differences in response to 
sedative drugs. Hence, the clinician can expect the range of 
individual patient response to vary between three- to fivefold 
for any particular sedative or analgesic agent. 

Because of this variable response, the generally recom 
mended procedure for a clinician attempting to achieve 
optimal sedation is to administer an initial bolus and then 
titrate the drug to the patient by incremental dosing until the 
desired level of sedation is achieved. The resulting dosing 
regimen which defines the initial and Subsequent top-up 
doses and the time interval between the doses has to consider 
the drug's particular pharmacokinetic and pharmacody 
namic properties, and has to be specifically adopted to the 
utilized sedative compound. Finally, the route of adminis 
tration has to be defined (e.g. intravenous, oral, rectal, 
intramuscular, etc.). 

Finding a Suitable dosing regimen is particularly chal 
lenging if the sedative is used in combination with an opioid 
for the induction and maintenance of adequate sedation. At 
first, benzodiazepines and opioids interact with regard to the 
induction of sedation. Therefore, the administration of an 
opioid can reduce the amount of a benzodiazepine needed to 
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2 
achieve the desired level of sedation. Furthermore, benzo 
diazepines and opioids have additive or even synergistic 
effects with respect to their side effects, which increase the 
risk of adverse events, including hypotension, ventilatory 
depression and resultant hypoxemia. 
As a consequence, a fixed combination of sedative and 

analgesic agents usually is considered to not allow the 
individual components of sedation/analgesia to be appropri 
ately titrated to meet individual requirements of the patient 
and procedure, while reducing the associated risks, but 
rather maximum doses are recommended for the combina 
tion. 

Recently, a new class of benzodiazepines was developed 
and disclosed in EP 1 183 243 B1. This class of benzodi 
azeopines represent potent sedatives which are rapidly 
metabolized by tissue esterases to an inactive metabolite and 
thus were classified as ultra-short-active benzodiazepines. 
The compound 3-(4S)-8-bromo-1-methyl-6-(2-pyridi 

nyl)-4H-imidazol-2-a 1.4benzodiaze-pin-4-yl)propionic 
methyl ester (hereinafter “CNS 7056”) represents one of 
these ultra-short-acting benzodiazepines (disclosed as 
example Ic-8 of EP 1 183243 B1). CNS7056 was tested in 
clinical Phase I and Phase II studies with and without 
combination with fentanyl for producing sedation for endos 
copy or colonoscopy, wherein CNS 7056 was given as 
body-weight adjusted dose. In these studies (CNS 7056-001, 
CNS 7056-002 and CNS 7056-003) CNS 7056 exhibited a 
fast-onset, short duration of action and rapid recovery pro 
file. 

In these studies, however, also certain deficiencies or risks 
with regard to the suitability of the sedation profile and 
tolerability became apparent. In CNS 7056-002, which was 
a multiple dose study, individual MOAA/S scores indicated 
a drop of levels to loss of consciousness (LoC) in most 
Subjects at Some point in time after the initial and/or top up 
doses. 

Furthermore, the sedative effect exhibited significant vari 
ability. A few subjects were classified as “dropouts' (sub 
jects who never had a MOAA/S score below or equal three 
despite two top-up doses) and at the same time one subject 
was classified as failure (underwent colonoscopy but 
reached full alertness, i.e. having a MOAA/S score of five). 

In some cases mild hypoxic events were observed under 
room air conditions. 

In some cases hypotension was observed when CNS 7056 
was co-administered with fentanyl. Hypotension is one of 
the known side effects offentanyl. However, since hypoten 
sion is also known to occur after high doses of benzodiaz 
epines, a potential augmentation of the fentanyl-induced 
hypotension effect by CNS 7056 has to be considered. 

Thus, an optimised dosing regimen for CNS 7056 is 
required. 

BRIEF SUMMARY OF THE INVENTION 

It is thus the objective of the present invention to provide 
a convenient and safe dosing regimen for the ultra-short 
acting benzodiazepine CNS 7056 which also results in an 
improved sedation profile. 

This objective is solved by the use of 3-(4S)-8-bromo 
1-methyl-6-(2-pyridinyl)-4H-imidazo[1,2-a 1,4)benzodi 
azepin-4-yl)propionic methyl ester (CNS 7056), according 
to formula (I) 
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(I) 

Br 

NJ 
or pharmaceutically acceptable salt or solvate thereof for the 
induction and/or maintenance of sedation, whereby CNS 
7056 is administered in combination with an opioid, wherein 
an initial dose of CNS 7056 is 2 to 10 mg. 
The dosing regimen of the invention is advantageous in 

terms of minimising the rate of “drop-out” subjects with 
MOAA/S scores of Zero as well as the rate of “failures’ 
(Subjects whose sedation was not maintained satisfactorily 
for 60 minutes, preferably for 45 minutes and most prefer 
ably for 30 minutes with 6 top-up doses). 

Furthermore the dosing regimen of the invention has 
considerable pharmacoeconomical advantages, because due 
to the rapid recovery of the patients (a short wake up time 
to fully alertness) the patients can be released rapidly. The 
time from last injection of CNS7056 until the patients are 
ready for discharge can be considerably shorten compared 
with the sedation with midazolam. 
Definitions 
The term 'sedation” refers to a relaxed, calm state of the 

body and mind which is induced pharmacologically, e.g. by 
the use of sedatives. This also encompasses “analgoseda 
tion” which includes the concomitant application of an 
analgesic drug. Furthermore, as defined herein, the term 
sedation includes also deep sedation, preoperative sedation, 
anxiolysis, and anmestic use for perioperative events, con 
scious sedation during short diagnostic, operative or endo 
scopic procedures, and sedation prior and/or concomitant to 
the administration of other anaesthetic or analgesic agents. 

The phrase “treated or administered in combination' as 
used herein for the combined therapeutic use or administra 
tion of CNS 7056 and an opioid (e.g. fentanyl) means that 
at least one dose of CNS 7056 and at least one dose of an 
opioid is given within a time frame, where both Substances 
exhibit a pharmacological effect. This time frame is prefer 
ably not longer than 10 min, more preferred not longer than 
8, 5, or 3 min. In one embodiment the time frame is less than 
2 min. The opioid and CNS 7056 may be administered 
concomitantly or sequentially. This phrase encompasses 
treatments in which CNS 7056 and the opioid are adminis 
tered either by the same route or different routes of admin 
istration. 
The term “analgesia” as used herein refers to the phar 

macologically induced absence or deadening of the sense of 
pain, e.g. by the use of analgesics, such as opioids. 
The term “fixed dose” as used in the present invention 

relates to an amount of a drug given to a patient irrespective 
of his body weight. 
As used herein the term “initial dose' is synonymous to 

the term “loading dose” and is defined as the first dose of a 
drug given in the context of a medical sedative treatment. 
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4 
The term “top-up dose' relates to a dose given after the 

initial dose or a previous top-up dose in the context of a 
medical treatment. 
The term “minimal sedation' or "mild sedation” refers to 

a drug-induced State during which the patient responds 
normally to Verbal commands. Cognitive function and coor 
dination may be impaired. Ventilatory and cardiovascular 
functions are unaffected. Minimal sedation is also known as 
anxiolysis. 
The term “moderate sedation' (synonymously with con 

scious sedation) refers to a drug-induced depression of 
consciousness during which the patient responds purpose 
fully to Verbal command, either alone or accompanied by 
light tactile stimulation. No interventions are necessary to 
maintain a patent airway. During moderate sedation spon 
taneous ventilation is adequate and the cardiovascular func 
tion is usually maintained. 
The term “deep sedation” refers to a drug-induced depres 

sion of consciousness during which the patient cannot be 
easily aroused, but responds purposefully following 
repeated or painful stimulation. Independent ventilatory 
function may be impaired. The patient may require assis 
tance to maintain a patent airway. During deep sedation the 
spontaneous ventilation may be inadequate and cardiovas 
cular function is usually maintained. 
The term “procedural sedation” refers to a technique of 

administering sedatives or dissociative agents with or with 
out analgesics to induce a state that allows the patient to 
tolerate unpleasant procedures while maintaining cardio 
respiratory function. Procedural sedation and analgesia is 
intended to result in a depressed level of consciousness that 
allows the patient to maintain oxygenation and airway 
control independently. 
The term “analgosedation” refers to a pharmacologically 

induced analgesia with concurrent sedation. In contrast to 
the anaesthesia the patient can react on external stimuli and 
breathe unaided. Dependent on the dose of the sedative 
and/or the analgesic drug the analgosedation can, intention 
ally or not, reach the state of general anaesthesia. 
The term “general anesthesia' refers to a drug-induced 

loss of consciousness (LOC) during which the patient is not 
arousable, even to painful stimuli. During general anesthesia 
the ability to maintain independent ventilatory function is 
often impaired and assistance is often required in maintain 
ing a patent airway. Furthermore, positive pressure ventila 
tion may be required due to depressed spontaneous venti 
lation or drug-induced depression of neuromuscular 
function and cardiovascular function may be impaired. 
The term “monitored anesthesia care” as used herein 

refers to a specific anesthesia service for a diagnostic or 
therapeutic procedure which includes the following aspects 
of anesthesia care: (i) a preprocedure visit, (ii) intraproce 
dure care, and (iii) postprocedure anesthesia management. 
During monitored anesthesia care, the anaesthesiologist 
provides or medically directs a number of specific services, 
including but not limited to diagnosis and treatment of 
clinical problems that occur during the procedure, Support of 
Vital functions, administration of sedatives, analgesics, hyp 
notics, anaesthetic agents or other medications as necessary 
for patient safety, psychological Support and physical com 
fort, and provision of other medical services as needed to 
complete the procedure safely. 

Monitored anesthesia care may include varying levels of 
sedation, analgesia, and anxiolysis as necessary. The pro 
vider of monitored anesthesia care must be prepared and 
qualified to convert to general anesthesia when necessary. 
This is the case, when the patient loses consciousness and 
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the ability to respond purposefully, irrespective of whether 
airway instrumentation is required. 

For assessment of the various states of sedation and 
analgosedation the so called Modified Observer's Assess 
ment of Alertness and Sedation scale (MOAA/S) and, alter 
natively, the Ramsey Scale often are used. These scales are 
as follows: 

Modified Observer's Assessment of Alertness. Sedation Scale 

Responsiveness Score 

Agitated 6 
Responds readily to name spoken in normal tone (alert) 5 
Lethargic response to name spoken in normal tone 4 
Responds only after name is called loudly and/or repeatedly 3 
Responds only after mild prodding or shaking 2 
Does not respond to mild prodding or shaking 1 
Does not respond to deep stimulus O 

Ramsey Sedation Scale 

Responsiveness Score 

Patient is anxious and agitated or restless, or both 
Patient is cooperative, oriented and tranquil 
Patient responds to commands only 
Patient exhibits brisk response to light glabellar tap or 
loud auditory stimulus 
Patient exhibits a sluggish response to light glabellar tap 5 
or loud auditory stimulus 
Patient exhibits no response 6 

The term “opioid’ which is synonymous to the term 
“opioid drug” as used herein refers to compounds which 
have the same mode of action as the constituents of opium, 
the dried milky liquid of the poppy seed, Papaver som 
niferum. All opioid drugs interact in biological systems with 
the same type of receptor, the so called opioid receptor. 
According to the analgesia and side effect profile five types 
of opioid receptors, the L-receptor (ligand morphine), the 
Kkappa-receptor (ligand ketazocine), the delta-receptor 
(ligand-deltorphine II), the Osigma-receptor (ligand=SKF 
10081), as well as the later-identified ORL1-receptor 
(ligand-nociceptin) are known. Corresponding to other 
receptor Systems, binding studies as well as functional 
investigations indicate that Subtypes of opioid receptors 
exist. Within the L- and 8-receptor type 2 subtypes, the L-1 
and L-2 and 8-1 and 8-2 have been described. The K-receptor 
contains an additional K-3 subtype. Especially in regards to 
the u-opioid receptor its two subtypes are included in this 
invention. 
The term “endoscopy' refers to techniques used to inspect 

or to look into internal cavities or hollow structures of an 
organism. 
The term “upper GI endoscopy refers to an examination 

of the inside of the upper gastrointestinal tract such as the 
oesophagus, Stomach and/or duodenum. It is typically per 
formed by using a thin, flexible fibre-optic instrument that is 
passed through the mouth and allows the observation of the 
lining of the oesophagus stomach and/or duodenum. It is 
also referred as esophagogastroduodenoscopy (EGD) or 
gastroscopy. The upper GI endoscopy also includes other GI 
procedures such as the endoscopic retrograde cholangiopan 
creaticography (ERCP). 
As used herein the term “colonoscopy” refers to an 

endoscopic examination of the rectum and colon up to the 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
ileocaecal valve. Typically, this procedure is performed with 
a CCD camera or a fibre optic camera on a flexible tube 
passed through the anus. 
The term "amnestic use” as used herein relates to the 

induction of amnesia, which represents the partial or total 
loss of memory. 
The term “operative procedure' as used herein refers to 

all kind of medical intervention into the living body, either 
invasive or non-invasive, for diagnostic and/or therapeutic 
purposes. Medical intervention in particular comprises 
medical treatments which, on a regular basis, are expected to 
cause post-operative pain for the patient. As a synonymous 
term for “operative procedure' the term "surgery” is also 
used herein. 
Manual or mechanical ventilation is defined as external 

assistance in breathing by manual or mechanical methods 
Such as e.g. mask ventilation, or intubation. 
The phrase “pharmaceutically acceptable salt” refers to a 

salt of variable stoichiometry formed by compound of 
formula (I) and a counter ion and which is physiologically 
tolerable and/or do not typically produce an allergic or 
similar untoward reaction, such as gastric upset, dizziness 
and the like, when administered to a mammal. 
As used herein, the term “solvate” refers to a complex of 

variable stoichiometry formed by a solute (in this invention, 
a compound of formula (I), an opioid or a salt thereof) and 
a solvent. Such solvents for the purpose of the invention may 
not interfere with the biological activity of the solute. 
Examples of suitable solvents include, but are not limited to 
water, methanol, ethanol and acetic acid. Preferably the 
Solvent used is a pharmaceutically acceptable solvent. 
Examples of suitable pharmaceutically acceptable solvents 
include water, ethanol and acetic acid. Most preferably the 
Solvent used is water. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The invention relates to the ultra-short-acting benzodiaz 
epine CNS 7056 or a pharmaceutically acceptable salt or 
solvate thereof for induction of sedation, whereas CNS 7056 
is administered in combination with an opioid. Preferably 
both drugs are given intravenously. Moreover, both drugs 
are preferably administered in a fixed dose. The dose of CNS 
7056 can vary between about 2 to about 10 mg, preferably 
between about 3 (or 4) mg and about 9 mg, and most 
preferably between about 5 and about 8 mg. In a particular 
embodiment of the invention 10 mg CNS7056 is adminis 
tered. 

Thus, it has been found out that a fixed dose determined 
from the putative drug exposure and clearance provides a 
safe and effective dose, especially in the context of the above 
claimed dosing regimen. 

In one embodiment of the invention CNS7056 is admin 
istered as a bolus injection with a concentration of CNS 
7056 of 1 mg/ml. 

In a preferred embodiment of the invention at least one 
further top-up dose of CNS 7056 follows the initial dose of 
CNS 7056. The top-up dose is between around 1.5 and 
around 4 mg., preferably between around 2 and around 3, and 
most preferably 2 or 3 mg. 

In a preferred aspect of the invention, CNS 7056 is 
administered in a fixed dose, whereas the initial dose and the 
top-up doses are combined as follows: 
8 mg initial dose plus 2 or 3 mg top-up dose, or 
7 mg initial dose plus 2 or 3 mg top-up dose, or 
5 mg initial dose plus 2 or 3 mg top-up dose 
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4 mg initial dose plus 2 or 3 mg top-up dose or 
3 mg initial dose plus 2 or 3 mg top-up dose. 

In a particular embodiment the initial dose and the top 
up(s) are selected to provide a maximum dose of 10 mg per 
treatment. 

In a further preferred aspect of the invention, CNS 7056 
is administered in a fixed dose, whereas the initial dose and 
the top-up doses are combined as follows: 
8 mg initial dose plus 3 mg top-up dose, or 
7 mg initial dose plus 2 mg top-up dose, or 
5 mg initial dose plus 3 mg top-up dose. 

In one aspect of the invention the patients receive an 
initial single intravenous dose of CNS 7056 over one 
minute. 

In another aspect of the invention the CNS 7056 top-up 
dose is administered not less than 2, preferably 3 minutes 
and more preferably 4 minutes apart from the starting or the 
previous top up dose. 

In one aspect of the invention up to a maximum of six 
top-up doses of CNS 7056 are given, so that not more than 
seven doses of CNS 7056 are given per treatment. However, 
it was found out by the inventors that with an initial dose of 
up to 10 mg if at all—only 1 to 3, preferably not more than 
2, top up doses are needed. Thus in one aspect of the 
invention the number of top ups is below 3, preferably even 
below 2. 

The medical treatment—and thus the required sedation 
according to the invention preferably lasts less than one 
hour, preferably less than 45 minutes and more preferably 
less than 30 minutes. 

According to the invention the top-up doses can contain 
the identical or a different amount of CNS 7056, whereas the 
use of identical amounts of CNS 7056 is preferred. 

In another aspect of the invention the dosing regimen is 
adjusted in order to maintain a MOAA/S score of not more 
than 4 (including 4), preferably of 1 to 4, and more prefer 
ably of 2 to 4. This adjustment is preferably performed by 
alteration of the top-up doses with regard to the dose of the 
top-up dose or the time interval between the top-up doses or 
both. In a further preferred aspect of the invention a change 
in the time interval between the top-up doses is used for 
maintaining the level of the MOAA/S score. Hereby, the 
time interval is shortened in case that the patient exhibits 
reduced sedation and prolonged in case of increased seda 
tion. 

In a further aspect of the invention the dosing regimen is 
adjusted in order to induce and/or maintain a mild to 
moderate sedation, which may be assessed by the MOAA/S 
and categorized by the following scheme: 

Level of sedation MOAAS score 

Fully alert 5 
Mild sedation 4 
Moderate sedation 2-3 
Deep sedation O-1 
Loss of consciousness O 

In one embodiment the sedation profile of the invention is 
preferably characterized by: 
MOAA/Ss4 at three consecutive measurements, e.g. taken 
every minute 
no requirement for a further sedative (e.g. a rescue sedative) 
no manual or mechanical ventilation 

Hence in one embodiment the invention relates to the use 
of CNS7056 in combination with an opioid (e.g. fentanyl) 
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8 
without a mechanical or manual ventilation of the patient. 
Nevertheless Supplemental oxygen Supply is possible. 

In a further aspect of the invention CNS 7056 is admin 
istered as a fixed dose per patient. This dosing strategy is 
based on an extensive PK/PD analysis which revealed that 
the body weight was not a statistically significant predictor 
of the systemic clearance or exposure of CNS 7056 and so 
dosing in units of mg/kg offers no advantage in terms of 
safety or efficacy. 

In another aspect of the invention CNS 7056 is given to 
adult patients, i.e. which are 18 years or older. 
Methods for preparation of CNS 7056 together with 

pharmaceutically acceptable forms are described in EP 
application EP 1 183 243 B1. Suitable forms for use in 
pharmaceutical compositions are also described therein. 
This document is incorporated by reference as to the dis 
closure of the manufacture of pharmaceutically acceptable 
forms of CNS 7056. 
The compound CNS 7056 can be used as free base form 

or as a pharmaceutically acceptable salt. As a preferred salt 
the besylate or esylate salt of CNS 7056 can be used. The 
besylate and esylate salts of CNS 7056 are described by the 
PCT applications WO 2008/007071 and WO 2008/007081, 
respectively. These salts as disclosed therein are incorpo 
rated by reference. 

In a further preferred aspect of the invention the besylate 
salt of CNS 7056 is used in one of the polymorphic salt 
forms 1, 2, 3 or 4 as described by PCT application WO 
2008/007071. These polymorphic forms as disclosed therein 
are fully incorporated by reference. 

In another aspect of the invention the esylate salt of CNS 
7056 is used in the polymorphic salt form 1 or 2 as described 
by PCT application WO 2008/007081. These polymorphic 
form a as disclosed therein are fully incorporated by refer 
CCC. 

According to the invention the ultra short-acting benzo 
diazepine CNS 7056 is administered as an intravenous (IV) 
bolus application, preferably as IV bolus of less than 1 
minute, more preferably less than 30 seconds and most 
preferably of approximately 15 seconds, which is equivalent 
to a manual application of an intravenous drug. 

In one aspect of the invention the opioid drug is preferably 
selected from the group consisting of: 
morphine, codeine, thebain, papaverin, narcotine, 
heroin, hydromorphone, dihydrocodeine, thebacon, hydro 
codone, oxymorphone, oxycodone, ketobemidone, pethi 
dine, anilleridine, piminodine, phenoperidine, furethidine, 
alpha-prodin, trimeperidine, meptazinol, profadol, metha 
done, dextromoramide, levomethadyl acetate, phenadoxone, 
dipipanone, themalon, dextropropoxyphene, N-methylmor 
phinan, levorphanol, dextrometorphane, butorphanol, pen 
tazocine, phenazocine, ketocyclazocine, bremazocine, 
Sufentanil, carfentanil, fentanyl, lofentanil, alfentanil, ohm 
efentanil, remifentanil, pitramide, benztriamide, diphenoxy 
late, loperamide, tramadol, tilidine, U-50488, 1-benzyl-4- 
(4-bromo-phenyl)-4-dimethylamino-cyclohexanol: 
alfentanil, buprenorphine, butorphanol, codeine, dextromor 
amide, dextropropoxyphene, dezocine, diamorphine, dihy 
drocodeine, diphenoxylate, ethylmorphine, etorphine, 
hydrocodone, hydromorphone, ketobemidone, levometha 
done, levomethadyl-acetate, levorphanol, meptazinol, mor 
phine, nalbuphine, nalorphine, oxycodone, oxymorphone, 
pentazocine, pethidine, piritramide, remifentanil, Sufentanil, 
tilidine, tramadol, tapentadol, met-enkephalin, leu-enkeph 
alin, nociceptin, B-endorphin, endomorphin-1, endomor 
phin-2, metorphamid, dynorphin-A, dynorphin-B, or 
C.-neoendorphin. 
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The analgesic drug is administered preferably as an 
intravenous bolus application. 

In a more preferred aspect of the invention the patient is 
given a fentanyl analogue according to formula (II): 

(II) 
R6 R4 O 

R R3 X-R, 
N N 10 

R R 
5 / x 

15 

wherein 
R is H, F, Cl, Br, or J: 
R is C-C alkyl; 
R is H, CH, O (CH), CH, with n=0-3, or COORs 

with Rs—C-C alkyl; 
R is H. C-C alkyl; 
Rs is H. —OH, C-C alkyl: 
R is H. —OH: 
R, is Aryl, heteroaryl or COORs. 25 
In a most preferred aspect of the invention the patient is 

given a fentanyl analogue selected from the group consisting 
of fentanyl, alfentanil, carfentanil, lofentanil, remifentanil, 
Sufentanil, thiofentanyl, C.-methylthiofentanyl, C.-methyl 
acetylfentanyl, C.-methylfentanyl, ohmefentanyl, B-hy- so 
droxy-fentanyl, parafluorfentanyl, B-methylfentanyl or a salt 
or a Solvate thereof. 

These fentanyl analogues are defined by a structure of 
formula (II) wherein the residues R to R, are given as 
follows: 

10 
CNS 7056 was applied as a single agent (see FIG. 1A versus 
FIG. 1B). The doses which led to sufficient sedation to 
perform the procedure (i.e. MOAA/S below or equal 4) in 
study CNS 7056-002 in 64 to 100% of subjects ranged from 
0.04 mg/kg to 0.1 mg/kg of CNS 7056 plus top up doses of 
0.04 mg/kg in addition to 50 mcg offentanyl in order to keep 
the sedation for a period of 30 minutes. In study CNS 
7056-003 single doses of CNS 7056 of 0.1 mg/kg to 0.2 
mg/kg without concomitant fentanyl led to Sufficient seda 
tion in 32-64% of patients. This supports a safe use of 
fentanyl in combination with CNS7056. 
A Sufficient analgesic coverage as provided by fentanyl 

reduces also the requirement of top-up doses of CNS 7056, 
resulting in a more stable situation for mild to moderate 
sedation and avoiding frequent drops to MOAA/S levels of 
O. 

In one aspect of the invention the fentanyl that is given in 
a fixed dose regimen, is preferably between 50 to 200 
mcg/patient, more preferably between 75 and 150 mcg/ 
patient and most preferably 100 mcg/patient. 
As mentioned above the results of the PK/PD analysis 

found no evidence for a pharmacodynamic interaction 
between fentanyl and CNS 7056. This lack of PD interaction 
allows administration of fentanyl in a broad dose range, as 
claimed herein. This rather high dose offentanyl, especially 
when given shortly before the start of the diagnostic or 
therapeutic intervention, results in a maximum analgesic 
coverage at the start of the diagnostic or therapeutic inter 
vention. 

In a most preferred aspect of the invention, 100 mcg of 
fentanyl is given immediately before or together with the 
initial fixed dose of CNS 7056. 

In a further aspect of the invention the fentanyl is admin 
istered not earlier than 10 minutes before administration of 

Substance R R2 R R4 Rs R6 R7 

fentanyl —H —CH2CH3 —H - —H - -phenyl 
alfentanil —H —CH-CH —CHOCH —H —H - 4-ethyl-5-oxo-1,4- 

dihydrotetrazol-1- 
yl 

carfentanil —H —CH2CH -COOCH —H —H - -phenyl 
lofentani —H —CH-CH -COOCH —CH —H - -phenyl 
remifentani —H —CH2CH COOCH H COOCH 
Sufentanil —H —CH2CH —CH2OCH —H —H - 2-thienyl 
thiofentanyl —H —CH2CH3 —H - —H - 2-thienyl 
C-methylthio- —H —CH2CH -H - —CH —H 2-thienyl 
fentanyl 
C-methyl- —H —CH —H - —CH —H -phenyl 
acetylfentanyl 
C-methylfentanyl —H —CH2CH —H - —CH —H -phenyl 
ohmefentanyl —H —CH2CH3 —H —CH —CH —OH -phenyl 
3-hydroxy fentany —H —CH2CH3 —H - —H —OH -phenyl 
parafluorfentanyl p-F —CH-CH —H - —H - -phenyl 
3-methylfentanyl —H —CH2CH —H —CH —H - -phenyl 

55 
In a particular preferred aspect of the invention the patient 

is given fentanyl or a pharmaceutically acceptable salt or 
solvate thereof. 
The results of the PK/PD analysis revealed a pharmaco 

dynamic interaction between fentanyl and CNS 7056 when go 
the application offentanyl was within 5 to 10 minutes prior 
to the initial administration of CNS 7056. This interaction 
between fentanyl is also supported by the results of the 
clinical study CNS 7056-002, in which CNS 7056 was 
applied in combination with fentanyl, as in this study lower 65 
doses of CNS 7056 led to a suitable sedation as compared to 
the studies CNS 7056-001 and CNS 7056-003, in which 

CNS 7056, preferably within at least 5 minutes prior to CNS 
7056 administration, more preferably within at least 3 min 
utes prior to CNS 7056 administration and most preferably 
together with CNS 7056. 
The short time interval between fentanyl dosing and CNS 

7056 results in a maximum analgesic coverage at the start of 
the diagnostic or therapeutic intervention. This is important 
for procedures that start with painful interventions. As an 
example in colonoscopy the insertion of the Scope and its 
movement through the sigmoid curve of the colon at the 
beginning is the most inconvenient and painful part of the 
procedure. 
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In one aspect of the invention at least one additional 
(top-up) dose offentanyl is given, preferably in the range of 
10 to 100 mcg/patient, more preferably in the range of 10 to 
75 mcg/patient and most preferably 25 mcg/patient. 

In a further aspect of the invention the time interval 
between the first fentanyl dose and the top-up dose and/or 
between two top-up doses is in the range between 2 to 10 
minutes, 

In another aspect of the invention CNS 7056 is used for 
preoperative sedation, anmestic use for perioperative events, 
or conscious sedation during short diagnostic, operative or 
endoscopic procedures. 

In another aspect of the invention CNS7056 as of the 
invention is used for short procedures such as limb resetting 
or wound dressing. 

In a preferred aspect of the invention CNS 7056 is used 
for analgosedation. 

In another aspect of the invention the use of CNS 7056 is 
contraindicated for subjects with known hypersensitivity to 
benzodiazepines and Subjects with acute narrow-angle glau 
coma. CNS 7056 may be used in patients with open-angle 
glaucoma only if they are receiving appropriate therapy. 

In another embodiment the invention CNS7056 is pro 
vided in a container for pharmaceutical use comprising 10 
mg of CNS7056, preferably in a concentration of 1 mg/ml. 
e.g. a vial, ampoule, Syringe or the like. The container 
comprising 10 mg CNS7056 preferably constitutes a drug 
product, preferably a ready-to-use drug product. 

In a further aspect of the invention the pharmacological 
effect of the ultra short-acting benzodiazepine CNS 7056 
and/or the opioid drug can be reversed by another drug, 
which is referred to as a “reversal agent'. 
As reversal drug for the ultra short-acting benzodiazepine 

CNS 7056 a GABA receptor antagonist is used, which is 
preferably flumenazil. 
As reversal drug for the opioid drug an opioid receptor 

antagonist is used, preferably naloxone. 

EXAMPLE 1. 

The principal objectives of the analysis were to fit phar 
macokinetic and pharmacodynamic (especially Modified 
Observer's Assessment of Alertness/Sedation (MOAA/S) 
scores) models to the data obtained from the studies CNS 
7056-001 and CNS 7056-002 and use the parameters 
obtained to simulate the results of different dosing regimens 
in order to predict an optimal dose regimen for CNS 7056. 
Secondary objective was to explore the pharmacodynamic 
interaction between CNS 7056 and fentanyl during Study 
CNS 7056-002. 
Materials and Methods 
Study CNS 7056-001 

Pharmacokinetic data were obtained after CNS 7056 had 
been administered by intravenous infusion over one minute 
to groups of healthy volunteers at the following doses: 0.01, 
0.025, 0.05, 0.075, 0.1, 0.15, 0.2,0.25 and 0.3 mg/kg. Both 
arterial (1, 2, 3, 4, 6, 8, 10, 12, 15, 20, 30, 45 minutes and 
1, 2, 3, 4 hours post-dose) and venous (2, 3, 4, 6, 8, 12 hours) 
blood samples containing CNS 7056 and its metabolite, 
CNS 7054, were obtained from indwelling catheters. Con 
centrations of CNS 7056 and CNS 7054 were measured 
using HPLC with tandem mass spectrometric detection. 
Measurements of sedation (MOAA/S and Bispectral Index 
(BIS) scores) and systolic and diastolic blood pressure were 
made at regular intervals. 
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12 
Study CNS 7056-002 

In the second part of the study, all subjects received a 50 
mcg intravenous dose offentanyl followed by a further 25 
mcg if the initial pain relief was inadequate. Three cohorts 
of 15 patients were given loading doses of CNS 7056 at 
0.04, 0.075 or 0.1 mg/kg with the higher doses only being 
administered once the safety of the lower doses had been 
assessed. Up to a maximum of two supplemental, 0.04 
mg/kg doses of CNS 7056 were administered, not less than 
two minutes apart to obtain adequate sedation (MOAA/Ss3) 
for insertion of the colonoscope. Further 0.04 mg/kg doses 
of CNS 7056 were administered during the procedure, no 
earlier than two minutes after the previous dose, in order to 
maintain a MOAAIS level of s4 for 30 minutes; no more 
than seven doses (the initial and six top-up doses) could be 
administered to any Subject. The gender ratio in each cohort 
was 7:8. Venous plasma levels of CNS 7056 were measured 
at 1, 5, 10, 20 and 30 minutes and at 1, 2, 4, 6, 8, 12 and 24 
hours post-dose. 
Analysis 

Physiologically-based three- and four-compartment phar 
macokinetic models were fitted to the arterial and venous 
plasma levels of CNS 7056 from the combined data obtained 
in Studies CNS 7056-001 and CNS 7056-002 using the 
non-linear modelling programme, NONMEM. The possible 
influence of body weight, sex and heart rate on Volumes and 
clearances was examined by covariate analysis. The derived 
pharmacokinetic parameters from the preferred models were 
then used to simulate the arterial concentrations of the drug 
at the time points at which pharmacodynamic data, 
MOAA/S scores and blood pressures, were obtained and 
sigmoid inhibitory pharmacodynamic models fitted to the 
observations via a “link' model, again using NONMEM. A 
number of Sudden, apparently random, increases in 
MOAA/S score of short duration were identified within the 
data-set and attributed to external stimuli Such as acute pain 
from the colonoscope or treatment by the nursing staff; these 
were modelled by the introduction of a covariate which 
increased EC50. Another covariate, the “scoping-factor” 
which also increased EC50, was added to the model in order 
to simulate reduced sedation during the actual colonoscopy 
procedure caused by general irritation. As no concentrations 
of fentanyl were obtained during Study CNS 7056-002, 
historical values of clearances and volumes of distribution 
were used in order to simulate plasma levels of the opioid so 
that pharmacodynamic models of hypotension and interac 
tion with CNS 7056 could be developed. The interaction 
model of sedation introduced a covariate, estimated by the 
modelling, which converted simulated plasma levels of 
fentanyl into concentrations of CNS 7056 at the effect site. 
Population Pharmacokinetic Analysis 
A sequential population approach was employed, first 

estimating the pharmacokinetic parameters for CNS 7056 
and then using these results to obtain the corresponding 
pharmacodynamic parameters. A non-linear, mixed-effect 
modelling programme (NONMEM. version 6) was applied 
to the data using the first order conditional estimation with 
interaction method (FOCE-I). Physiologically-based phar 
macokinetic models were fitted to a combination of arterial 
and venous plasma levels of CNS 7056 from the combined 
CNS 7056-001 and CNS 7056-002 data sets (FIG. 2), using 
the ADVAN6 sub-programme, with tolerance (TOL) set to 
five, to solve the differential equations. All the models 
contained a central compartment corresponding to the 
venous system and other highly perfused tissues, arterial, 
pulmonary, peripheral and deep compartments. Clearance of 
CNS 7056 to CNS 7054 was assumed to take place from the 
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central, pulmonary or peripheral compartments, or from a 
hepatic one (FIG. 2). A combination of two clearance 
compartments was also investigated. An additional “deeper” 
compartment was introduced as models with four-compart 
ments had been shown to be superior to those with three in 
study CNS 7056-001. Since the erythrocyte penetration of 
CNS 7056 was not known, cardiac output of blood/plasma 
was estimated during the modelling process. 
Results 
Population Pharmacokinetic Analysis of CNS 7056 

Modelling of the arterial plasma levels of CNS 7056 in 
Study CNS 7056-001 found that, although a three-compart 
ment model fitted the data well, the corresponding four 
compartment model, with systemic clearance from the cen 
tral compartment, gave a considerably Smaller objective 
function. In addition, when clearance was assumed to have 
taken place in the peripheral compartment, there was a 
further substantial drop in objective function. 
The simplest physiologically-based pharmacokinetic 

models, therefore, contained three compartments of 
unknown Volume plus arterial and pulmonary compartments 
whose volumes (arteries=0.65 kg/70 kg, lungs=1.0 kg/70 
kg) were assumed to be proportional to body weight. Sys 
temic clearance and the two inter-tissue clearances were also 
unknown. Since the erythrocyte penetration of CNS 7056 
was not known, cardiac output of blood/plasma also had to 
be estimated during the modelling process. 

This model was expanded to one with four compartments 
of unknown volume and the site of clearance allowed to be 
the central, peripheral, pulmonary or an additional hepatic 
compartment, whose Volume (1.5 kg/70 kg) and relative 
blood flow (26% of cardiac output) were assumed to be 
those of a standard subject. Inter-individual variability (IIV 
or Eta) was included for systemic clearance, central, periph 
eral and deep volumes of distribution in all models, together 
with proportional and additive residual errors. A fifth Eta, on 
the Volume of the fourth compartment, was also investigated 
with each model. 
Of the simple, three-compartment models, that with clear 

ance from the lung (Run 128S) was clearly the best. Among 
the four-compartment models with dual clearance, the Run 
144S with clearance from both the lung and liver proved to 
be the best one in terms of lowest objective function. A 
comparison of the parameters from the better physiologi 
cally-based pharmacokinetic models is shown in Table 1. 
Covariate Analysis of the Population Pharmacokinetic 
Analysis of CNS 7056 
Body Weight does not Predict Clearance, Volumes or Blood 
Flow 

Inter-individual variability on cardiac output and a limited 
covariate analysis was undertaken based on the three-com 
partment model Run 128S with pulmonary clearance of 
CNS 7056. When body-weight was considered as a predictor 
of clearance (Run 137S), volumes (Runs 130S, 152S, 153S) 
or blood flow (Run 127S) the objective function was essen 
tially unchanged; in this case final minimisation did not 
occur (Table 2). 
The absence of an influence of body-weight on the 

clearance of CNS 7056, shown by the insignificant change 
in objective function when the covariate was introduced 
(Run 137S. Table 2), was also demonstrated by plotting 
body-weight against the fitted values of pulmonary clear 
ance, using the results of Run 128S (FIG. 3), the slope of the 
linear regression equaling 0.1 with an R of 0.0155. 
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Conclusion: 
As no relationship was found between body weight and 

systemic clearance (FIG. 3), there is no advantage in dosing 
by weight in terms of consistency of exposure to CNS 7056. 
Population Pharmacodynamic Analysis 

Continuous pharmacodynamic models were fitted to the 
MOAA/S data, even though these were categorical, because 
they are more stable when there are several categories and 
because the results are more readily interpreted. Simple 
sigmoid inhibition pharmaco-dynamic models fitted the 
MOAA/S data poorly and it was found necessary to modify 
the data-set in order that the observed scores could be 
accurately fitted. One- and two-minute “spikes' of increased 
MOAAS/S score were identified within the data-set and 
modelled as increases in ECso of approximately 30%. The 
unexpected result that the efficacy of CNS 7056, expressed 
as the typical ECso was the same in Study CNS 7056-001 
(healthy volunteers) and CNS 7056-002 (patients undergo 
ing a colonoscopy) was rationalised by assuming that 
residual sedation from the pre-operative dose of fentanyl 
was roughly nullified by general irritation throughout the 
procedure. A "scoping-factor, which typically caused a 
10-12% increase in ECs, was introduced to account for this. 
MOAA/S Pharmacodynamic Analysis of CNS 7056 

A11 MOAA/S data from Studies CNS 7056-001 and CNS 
7056-002 were used for the pharmacodynamic modelling of 
sedation. Arterial plasma levels calculated from the phar 
macokinetic parameters estimated previously from model 
CNS 7056 PBPK128S were linked to an inhibitory sigmoid 
effect pharmacodynamic model of sedation via a hypotheti 
cal “effect site and a delay rate constant "keO”. Ery was set 
to zero and E to five for the basic MOAA/S models and 
IIV included for the three pharmacodynamic parameters, 
ECso ke0 and Hill coefficient, Y. Since the basic models 
minimised with a singular R-matrix, the control files of all 
subsequent MOAA/S models, were amended to include the 
MATRIX=S command in order that the covariance step 
could be performed. 
The data-sets from Studies CNS 7056-001 and CNS 

7056-002 were analysed separately and then after being 
combined (Table 3). All of the parameters were estimated 
with good precision (average RSE '%: 5.4-7.9%) and IIV of 
approximately 40% for all three pharmacodynamic param 
eters (Table 3). There were no obvious differences between 
the three pharmacodynamic parameters with ECso and keO 
from the individual studies being within about 10% (Table 
3). The combined data set “MOAASALL01S was used for 
the Subsequent pharmacodynamic modelling. 
Covariate Analysis of Fentanyl as a Predictor of Sensitivity 
to CNS 7056 

Although the pharmacodynamic parameters of the 
MOAA/S models from Studies CNS 7056-001 and CNS 
7056-002 were similar, the possible effect offentanyl, used 
only in the second study, was investigated (Table 4). The 
first model (MOAASALL05S) assumed that ECso was dif 
ferent in the presence of fentanyl, but the value obtained 
(0.338 mcg/ml) was very similar to that in its absence (0.364 
mcg/ml) and the decrease in objective function compared to 
model MOAASALL01S, which assumed that the typical 
value of ECso was unaffected by fentanyl, was insignificant 
(AOFV=-0.85, Table 4). When the actual dose of fentanyl 
(0, 50, or 75 mcg) was taken into account (model 
MOAASALL09S), the decrease in objective function was 
again minimal (AOFV=-1.73, Table 4). 
CNS 7056-Fentanyl Interaction MOAA/S Analysis 
The use of covariate analysis to examine a possible 

pharmacodynamic interaction between fentanyl and CNS 
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7056 assumes a constant effect throughout the observation 
period. However, fentanyl was given a 5-10 minutes before 
CNS 7056 and, as its clearance is quite rapid, concentrations 
towards the end of the procedure are likely to have been 
relatively low. Accordingly, historical data (Table 5) were 
used to simulate appropriate plasma levels of fentanyl and 
these were assumed to be reflected as equivalent concentra 
tions of CNS 7056 at the effect site via an equivalence 
parameter. The correct times of the later MOAA/S scores 
were used in all the models of the CNS 7056-Fentanyl 
interaction. 
When a fentanyl effect was added to the basic model, the 

equivalence factor was very small and slightly negative 
(-4.46) and there was no significant change in objective 
function (Runs FENO1AS and FENO3S, Table 6). However, 
when allowance was made for the pain associated with 
colonoscopy, there was a significant decrease in objective 
function (Run FENO5S, AOFV=-67.6, Table 6) and a larger, 
positive concentration-equivalence factor of 21.5. In addi 
tion the effect attributed to the colonoscope in reducing 
sedation (i.e. increasing ECs) rose from 11.6% to 14.5% 
(Runs FENO4S and FENO5S, Table 6). Allowance for inter 
Subject variability in the pharmacodynamic interaction fur 
ther reduced the objective function by 35 (Runs FENO6S, 
FENO5S), although the inter-subject variability was large at 
162% and poorly estimated (Table 6). 
As the systemic clearances offentanyl and CNS 7056 are 

comparable at roughly 60 l/h (Table 5), the relative systemic 
exposures are essentially proportional to the ratio of their 
respective doses. Thus for typical single doses of CNS 7056 
and fentanyl of 7 and 0.05 mg, respectively, systemic 
exposure would be approximately 0.12 and 0.00083 mcgh/ 
ml for the two drugs. An equivalence factor of 20 would, 
therefore, raise the apparent exposure of fentanyl to 0.017 
mcgh/ml, 14% of that of CNS 7056. 
The effects of sudden additional stimuli were introduced 

into the fentanyl-interaction model with similar results 
(Table 7) to those with the simpler model (Table 8, Table 9). 
Thus one and one? two minute stimuli gave rise to reductions 
in objective function of 237 (Run FENO7S) and 351 (Run 
FENO8S), respectively, compared to 253 and 371 for the 
simpler model (Runs MOAASALL21 and MOAASALL23, 
Table 8). Combining the effects of the colonoscope and 
additional stimuli on ECso also reduced the objective func 
tions (Runs FENO9S, FENO5S: AOFV=363, Tables 6 and 7) 
in a similar manner to the simpler models (Runs MOAA 
SALL31 and MOAASALL18: AOFV=-352, Table 9). 

Inter-subject variability had the least effect when applied 
to the additional stimuli (Run FEN11S, AOFV=-21, Table 
10) and the reductions in objective function for the concen 
tration-equivalence factor (AOFV=-63, Run FEN14S) and 
colonoscopy parameter (AOFV=-73, Run FEN18S) were 
similar. Combinations of these two produced the preferred 
model, Run FEN19S with an objective function of 2053.7 
compared to the best without any fentanyl effect of 2152.8 
(MOAASALL32S, Table 9, AOFV=-99.1). A direct com 
parison between MOAASALL27S and Run FEN11S 
(OFV-2169.0) which had inter-individual variability (IV) 
on the same parameters, demonstrates an improvement in 
objective function of 24.5 with the interaction model. As 
with the simpler modes, the data set was modified with the 
Zero scores being changed to negative values. The exact 
correspondence of the observed and fitted scores, after 
rounding to integer values, was 70% for the final fentanyl 
interaction model with 23% of the results differing by one. 
The model was further optimised in an analogous manner to 
the simpler model, as above, in order to maximise the 
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correspondence of the observed and modelled Zero scores 
(Table 11). In this case the difference between the objective 
functions of the corresponding models was 19 and 51, but 
increased to 221 by the substitution of IIV on the concen 
tration-equivalence and scoping factors for E (Table 12). 
The interaction model assumed that fentanyl concentrations 
at the effect site were equivalent to those of CNS 7056 after 
multiplication by a concentration-equivalence factor deter 
mined by the modelling. The population mean of this factor 
was 28 (Table 13) and ranged from 6 to 330 (Table 14). 
Bearing in mind that the typical loading doses of CNS 7056 
were roughly 100 times those of fentanyl (total doses 3-4 
times as high) and that the clearances of the two compounds 
are comparable, this indicates that fentanyl might contribute 
in the order of a quarter of the sedation of the loading doses 
of CNS 7056 (mean dose=5.5 mg) and 5-10% of the overall 
effect (mean total dose=19.4 mg). 
Pharmacodynamic Analysis Using the Monte Carlo Method 

Monte-Carlo simulations were undertaken using the phar 
macodynamic parameters from both the preferred simple 
and CNS 7056-fentanyl interaction models of MOAA/S 
score, varying the loading and top-up doses and including a 
similar proportion of spikes of reduced MOAA/S score. A 
total of 1000 Monte Carlo simulations was carried out at a 
range of dosing regimens likely to be appropriate for CNS 
7056 (Table 15), using the pharmacodynamic parameters 
from Run MOAASALLMIN61S (Table 16). The simula 
tions generated fractional MOAA/S scores which were 
rounded to the nearest integer, negative numbers being 
considered to be zero. The results of the modelling auto 
matically assumed that all patients were treated in the same 
way as those of Studies CNS 7056-001 and CNS 7056-002 
(i.e. no-fentanyl-no-colonoscopy or fentanyl (50 mcg or 75 
mcg 5-10 minutes before CNS 7056) plus colonoscopy). The 
following protocol was followed: 

Initial doses of CNS 7056 had to be sufficient to give 
adequate sedation (MOAA/S Score of three or lower) 
to most Subjects so that the colonoscope could be 
inserted. 

One or two top-up doses were allowed if the MOAA/S 
scores were still above three. If these were insufficient 
the Subject was considered to be a drop-out. 

Additional top-up doses up to a maximum total of six 
were permitted to maintain sedation below a score of 
five for a procedural length of 24 minutes from the first 
dose of CNS 7056. Subjects whose MOAA/S score 
reached five within 24 minutes of the first dose were 
considered to be failures. 

MOAA/S scores of Zero were to be avoided in as many 
Subjects as possible. 

The minimum time interval between two doses was set at 
two minutes. 

Additional stimuli were randomly simulated at a compa 
rable rate (815/1000 subjects) to those observed in 
Studies CNS 7056-001 and CNS 7056-002, although 
no subject had more than four spikes of pain. 

The Monte Carlo pharmacodynamic simulations gener 
ated 1000 continuous MOAA/S curves for each dosing 
regimen and these were converted to scores of Zero to five 
and hence to four critical parameters which were either to be 
minimised (percentage Zero scores, drop-outs, failures—i.e. 
subjects who were “scopable', but whose sedation was not 
maintained for 24 minutes with a maximum of six top-up 
doses) or maximised (percentage 'scopable' after the load 
ing dose of CNS 7056. The average number of top-ups and, 
hence, the average total dose of CNS 7056 was also calcu 
lated. 
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The number of simulated drop-outs depended on both the 
fixed loading and fixed top-up doses; thus a rate of 5% 
would be expected after the following dosage regimens: 
9/2.5 mg. 8/3 mg, 7/3.5 mg, 6/4 mg and 5/4.5 mg (FIG. 4). 
Similarly, 4%-5% zero scores were predicted to be associ 
ated with 9/2.5 mg. 8/3 mg and 7/3.5 mg regimens. At the 
lower 5 and 6 mg loading doses, the Zero scores were only 
governed by the size of the top-ups, 4% following 3.5 mg 
doses (FIG. 4). The failure rate also depended solely on the 
size of the top-ups; 5% being predicted to be found by 3 mg 
doses (FIG. 4). The fraction of simulated subjects whose 
MOAA/S score was below three after the loading dose of 
CNS 7056 (i.e. they were considered to have undergone 
colonoscopy) was 90%, 83%, 72%, 57% and 38% after 
doses of 9 mg, 8 mg, 7 mg, 6 mg and 5 mg, respectively. 
The effect of varying the minimum time intervals between 

doses of CNS 7056 was studied. Time intervals longer than 
the standard two minutes would reduce the possibility of 
failures, patients becoming alert too soon because the maxi 
mal permissible number of top-up doses had been taken well 
before the end of the procedure. For example, the simula 
tions gave a 5% failure-rate on a 6/3 mg dosing regimen with 
a 2 minute time interval but only 0.2% with 4 minutes (Table 
17). However, still longer time intervals increased the failure 
rate (Table 17). Longer time intervals should also reduce the 
possibility of over-dosing (and, hence, increased fraction of 
Zero scores) following a "spike' of reduced sedation after an 
additional stimulus. However, the simulations did not indi 
cate that this was likely and there was no significant reduc 
tion in Zero scores (Table 17). The danger of a patient 
becoming fully alert during the procedure would, therefore, 
probably outweigh the reduction in failure rate. This defi 
nition of failure presupposes that the procedure will last for 
a full 24 minutes; these subjects might not be failures if the 
colonoscopy were completed earlier or if one additional 
top-up were employed. 
Pharmacodynamic Simulations Based on the CNS 7056 
Fentanyl Interaction Analysis 

Simulations based on the CNS 7056-fentanyl interaction 
model gave a similar proportion of drop-outs to the simpler 
model (e.g. 42%0 versus 44%0 with a 6/4 mg dosing regimen, 
50 mcg given four minutes before CNS 7056, Table 18, 
Table 15), but the number of Zero scores was greater (9.95% 
versus 6.46% with the same regimen). The proportion of 
“scopable' subjects after the loading dose was slightly 
higher (604%0 as opposed to 567%). However, the major 
difference was in the number of failures, subjects undergo 
ing the procedure but reaching a MOAA/S score of five 
within 24 minutes of the dose of CNS 7056 despite six 
top-up doses, (e.g. 86%0 versus 13%0 with a 614 mg dosing 
regimen). All of these differences can be explained by the 
steeper concentration-response curve of the interaction 
model (typical Hill coefficients=5.16 and 4.03, Table 19, 
Table 16). 

Increasing the doses of fentanyl produced a dose-depen 
dent increase in maximal sedation when combined with a 
fixed dose of CNS 7056, approximately one MOAA/S unit 
per 50 mcg of the opioid (FIG. 5). Doubling a 50 mcg dose 
offentanyl decreased the drop-out rate by about 40% (e.g. 
from 9.3% to 5.7% with a 6/3 mg dosing regimen) but 
increased the number of Zero MOAA/S scores by about 40% 
(FIG. 6, Table 18). The same change in fentanyl dose 
increased the fraction of subjects "scopable' after the load 
ing dose of CNS 7056 by 5-50% depending on the dose of 
CNS 7056 (FIG. 6, Table 18), but did not influence the 
failure rate. 
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The effect of the CNS 7056-fentanyl interaction was not 

strongly influenced by the time interval between adminis 
tration of the two compounds, time intervals of 0-7 minutes 
giving comparable results in terms of maximal sedation and 
number of Zero scores, drop-outs and failures (FIG. 7, Table 
20). Overall, the 8/3 mg dosing regimen would appear to be 
optimal as the simulations indicate a high proportion of 
scopable Subjects after the loading dose and drop-outs, 
failures and Zero scores all of 5% or less (Table 18, Table 
21). 
Summary 
A data-set consisting of the predominantly arterial CNS 

7056 plasma levels from Study CNS 7056-001 has been 
combined with one made up of the venous concentrations 
from Study CNS 7056-002 in order that the arterial levels 
needed for population pharmacodynamic models could be 
simulated for the latter study. 

Physiologically-based pharmacokinetic models with three 
or four compartments of unknown volume plus pulmonary 
and arterial compartments, whose volumes were assumed to 
be proportional to body weight, were fitted to these data. 
The modelling indicated that the lung was the primary 

metabolic organ for CNS 7056 with the liver possibly 
contributing as little as 10% of the drug's clearance. The 
pulmonary extraction ratio, and first-pass metabolism, was 
estimated to be approximately 28%. 
Body weight was not a statistically significant predictor of 

the systemic clearance of CNS 7056 and so dosing in units 
of mg/kg offers no advantage in terms of consistency of 
exposure to CNS 7056. 

Continuous pharmacodynamic models of MOAA/S 
scores were fitted to the observed data. The first, simpler 
model was fitted directly to the raw data and any effects of 
differences in fentanyl dosing regimens were incorporated 
into the pharmacodynamic parameters. The second model 
simulated fentanyl concentrations, using the same historical 
pharmacokinetic parameters for all Subjects, and was able to 
estimate the pharmacodynamic interaction between CNS 
7056 and fentanyl. A 50 mcg dose of fentanyl typically 
contributed about 5-10% of the sedative effect of a 20 mg 
total dose of CNS 7056, integrated over the whole proce 
dure. The acute effect was larger, a 50 mcg dose being 
responsible for an additional maximal fall in MOAA/S score 
of roughly one unit when combined with CNS 7056. 

Both models were refined by the introduction of a “scop 
ing factor', which increased ECso, and described the reduc 
tion in sedation resulting from the presence of a colonoscope 
and a “pain factor', which also increased ECso, and corre 
sponded to sudden “spikes' of increased MOAA/S score. 

Despite large improvements in the quality of the models 
with these modifications, shown by reductions in objective 
function of several hundred, the observed Zero MOAA/S 
scores were still poorly fitted. This defect was resolved by 
modifying the Zero scores in the data-set to negative values 
(-1.25 or -1.3). The exact correspondence of the observed 
and fitted scores was 70% for the final fentanyl-interaction 
model with 23% of the results differing by one. 
The CNS 7056-fentanyl interaction model fitted the 

observed data significantly better than the simpler model 
(AOFV-30). However, its major advantage resulted from 
its ability to include inter-subject variability in both of the 
highly variable scoping and concentration-equivalence fac 
tors (AOFV-200). 
Monte Carlo simulations of a wide range of dosing 

regimens suggested that a loading dose of 8 mg of CNS 7056 
plus 100 mcg offentanyl, followed by 3 mg top-up doses at 
intervals of no less than 2 minutes, would be optimal in 
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terms of minimising drop-outs, MOAA/S scores of Zero and 
failures (subjects whose sedation was not maintained satis 
factorily for 24 minutes with 6 top-ups) and maximising the 
number suitable for insertion of the colonoscope after the 
loading dose of CNS 7056. 

Provided it was not large, the time interval between 
fentanyl and CNS 7056 dosage made little difference to the 
simulations, which indicated that the loading dose of CNS 
7056 could be given at any time between that offentanyl and 
6-7 minutes later. 

EXAMPLE 2 

Phase IIb Study of RemimaoZalm Vs. Midazolam 
in Using Combination Fixed Doses 

Study Design 
The Phase IIb trial was a double-blind, randomized, 

parallel group study examining three dose regimens of 
Remimazolam (CNS 7056) compared with Midazolam in 
160 patients undergoing a colonoscopy. The patients 
received either one of three different initial doses of Remi 
mazolam or Midazolam followed by “top-ups' (i.e. multiple 
doses) as required to maintain an adequate sedation level to 
undergo a standard colonoscopy procedure. 

The study—conducted in multiple sites in the U.S.—was 
designed to evaluate the safety of RemimaZolam and the 
Success of the sedation, the time to peak sedation as well as 
the time to full recovery and discharge, in comparison to the 
gold-standard agent, Midazolam. In addition, based on the 
results of the successfully concluded Phase Ib and IIa 
studies, this study was designed to further refine the optimal 
dose regimen before moving into Phase III. 
The following data are based on the ITT (intent to treat) 

analysis only: 
The patients received one of the following doses of 

Midazolam or Remimazolam: 
Midazolam 2.5 mg with 1.0 mg top-ups (40 patients) 
RemimaZolam—8.0 mg with 3.0 mg top-ups (40 patients) 
RemimaZolam 7.0 mg with 2.0 mg top-ups (40 patients) 
RemimaZolam—5.0 mg with 3.0 mg top-ups (40 patients) 
The dose of Midazolam was selected as representing the 

labeled dose. The doses of Remimazolam were selected 
based on the findings of the three previous clinical trials as 
predicted by the comprehensive PK/PD analysis (see 
Example 1). 
Results 
The Success of the procedure was a composite endpoint 

consisting of sedation Sufficient to initiate and complete the 
procedure, no mechanical or manual ventilation and no 
rescue sedation. The success rate (ITT) with Midazolam was 
75%. The success rate with Remimazolam was 97.5% at the 
lowest dose regimen, 95% at the middle and 92.5% at the 
highest dose regimen. A rapid recovery to fully alert (13.3 
minutes in the lowest, 11.3 Minutes at the middle and 13.6 
Minutes at the highest dose regimen) and short time to 
discharge (13.5 minutes in the lowest, 14 minutes at the 
middle and 16.8 minutes at the highest dose regimen) were 
observed in all RemimaZolam treated groups. 
The time to fully alert was shorter in the Remimazolam 

groups when compared to Midazolam. PAION's current 
interpretation is, that the relatively short wake up times of 
Midazolam are attributable to the fact that 25% of the 
midazolam patients did not respond to treatment and there 
fore received Propofol as a rescue medication quite early 
which is known as a very short acting compound. Therefore 
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they did not receive “sufficient midazolam to allow accu 
mulation and resulting in a longer offset times. 

This is the first clinical trial with the optimised dose 
regimen showing clinically relevant improvements of Remi 
maZolam over Midazolam. 

Overall, the study showed that it is possible to achieve 
better results with Remimazolam as compared to the gold 
standard Midazolam. The safety profile observed in this trial 
confirmed the good tolerability also shown in all previous 
studies and as anticipated for a benzodiazepine. There were 
no unusual findings observed and no patient required manual 
or mechanical ventilation. 

Overall, there was good cardiovascular and respiratory 
stability with Remimazolam treatment. Compared with the 
previous Phase Ib study the AESIs (adverse events of special 
interest) rate was substantially lower due to the revised 
dosing and study design according to the invention (10 
related AESIs in 160 subjects in the Phase IIb study com 
pared to 37 in 45 subjects in the Phase Ib study). 

ABBREVIATIONS 

AUC Area Under the plasma concentration/time Curve 
BIS Bispectral Index 
C1 Clearance 
Clhep Hepatic Clearance 
Clpul Pulmonary Clearance 
Clsys Systemic Clearance 
CRF Case Report Form 
AOFV Change in Objective Function Value 
ECso Concentration leading to half Maximum Pharmaco 
dynamic Effect 

E. Maximum Pharmacodynamic Effect 
Ery Minimum Pharmacodynamic Effect 
ETA (m) NONMEM parameter for inter-individual vari 

ability 
Y (Gamma) Hill Coefficient Exponent for Concentra 

tions and ECso in Pharmacodynamic Equation 
HPLC High Performance Liquid Chromatography 
ICU intensive care unit 
IIV Inter-Individual Variability 
ke() Delay Rate Constant between Plasma and the Effect 

Site 
Mm HG Millimeters of Mercury 
MOAAIS Modified Observer's Assessment of Alertness 

and Sedation 
MRT Mean Residence Time 
OFV Objective Function Value 
RSE '% Percentage relative standard error 
Q (Q2, Q3, Q4) Inter-Tissue Clearance 
S.D. Standard Deviation 
THETA NONMEM parameter 
V1 Central Volume of Distribution 
V2 (V3, V4) Peripheral Volume of Distribution 
Vss Steady-State Volume of Distribution 

LIST OF TABLES 

Table 1: Summary of Some Physiologically-Based Popula 
tion Pharmacokinetic Analyses of CNS 7056 (Studies 
CNS 7056-001 and CNS 7056-002) 

Table 2: Covariate Analysis of Three-Compartment Phar 
macokinetic Analysis of CNS 7056 (Run 128S) 

Table 3: Comparison of the MOAA/S Pharmacodynamic 
Models of Analyses CNS 7056-001, CNS 7056-002 and 
the Combined Data sets 



US 9,561,236 B2 
21 

Table 4: Covariate Analysis of the Effect of Fentanyl on 
ECs of CNS 7056 in the MOAA/S Pharmacodynamic 
Analysis. 

Table 5: Historical Pharmacokinetic parameters used for 
Simulations of Fentanyl Plasma Levels. 

Table 6: Pharmacodynamic Interactions between Fentanyl 
and CNS 7056 in the MOAA/S Analyses (1). 

Table 7: Pharmacodynamic Interactions between Fentanyl 
and CNS 7056 in the MOAA/S Analyses (2) 

Table 8: Effect of the Period of Colonoscopy or Short-lasting 
Additional Stimuli on ECs of CNS 7056 in the MOAA/S 
Pharmacodynamic Analysis (1). 

Table 9: Effect of the Period of Colonoscopy and Short 
lasting Additional Stimuli on ECs of CNS 7056 in the 
MOAA/S Pharmacodynamic Analysis (2) 

Table 10: Pharmacodynamic interactions between Fentanyl 
and CNS 7056 in the MOAA/S Analysis (3) 

Table 11: Comparison of CNS 7056-Fentanyl Interaction 
Pharmacodynamic Analyses in which the Observed 
MOAA/S “Zero” and “Five Scores were Modified 

Table 12: Comparison of the Three MOAA/S Analyses 
based on the same Raw Data (Zero Scores changed to 
-1.30) 

Table 13: Comparison of CNS 7056-Fentanyl Interaction 
MOAA/S Pharmacodynamic Analyses based on Three 
Pharmacokinetic Models 

Table 14: Descriptive Statistics of the Post-Hoc Calculated 
Parameters of Final Fentanyl-Interaction MOAA/S Phar 
macodynamic Analysis for CNS 7056 (CNS 7056 
FEN26S) 

Table 15: Summary of Monte Carlo Analyses of Various 
Dosing Regimens of CNS 7056 (Based on Model 
MOAASALLMIN61S). 

Table 16: Summary of Pharmacokinetic and Pharmacody 
namic Parameters for CNS 7056 for Monte Carlo Analy 
ses (CNS 7056PBPK128S, MOAASALLMIN61S) 

Table 17: Summary of Monte Carlo Analyses of Two Dosing 
Regimens of CNS 7056 with Varying Minimum time 
intervals between Top-up Doses (Based on Model 
MOAASALLMIN61S) 

Table 18: Summary of Monte Carlo Analyses of Various 
Dosing Regimens of CNS 7056 and Fentanyl (Based on 
Fentanyl-Interaction Model CNS 7056FEN26S) 

Table 19: Summary of Pharmacokinetic and Pharmacody 
namic Parameters for CNS 7056 for Monte Carlo Analy 
ses (CNS 7056PBPK128S, CNS 7056 FEN26S) 

10 

15 

25 

30 

35 

40 

45 

22 
Table 20: Summary of Monte Carlo Analyses of Various 
CNS 7056-Fentanyl Dosing time intervals (Based on 
Fentanyl-Interaction Model CNS 7056FEN26S) 

Table 21: Summary of Monte Carlo Analyses of Three CNS 
7056 Dosing Regimens (Based on Fentanyl-Interaction 
Model CNS7056FEN26S) 

Table 22: Clinical Study (example 2): Superior Response 
Rate for RemimaZolam (composite primary endpoint: 
MOAA/S54 on 3 consecutive measurements AND 
completion of colonoscopy procedure AND no require 
ment for alternative sedative or ventilation) 

Table 23: Clinical Study (example 2): Comparison of Suc 
cess Rates in Colonoscopy (ITT) 

Table 24: Clinical study (example 2): Shorter Time to Start 
of Procedure and low Number of Top-ups 

Table 25: Clinical Study (example 2): Short Time to Fully 
Alert 

Table 26: Clinical Study (example 2): Short Time to Ready 
for Discharge 

LIST OF FIGURES 

FIG. 1: Doses and Success rates in Studies CNS 7056-002 
and CNS 7056-003. Success was a composite of MOAA/ 
Ss4 on three consecutive measurements and completion of 
the procedure (including 30 minutes sedation) and no 
requirement for alternative sedation or ventilation. 

FIG. 2: Diagrammatic Representation of Physiologically 
based Compartmental Analyses of CNS 7056. 

FIG. 3: Plot of Body-weight against Systemic (Pulmo 
nary) Clearance of CNS 7056 after Intravenous Adminis 
tration at Various Doses (Model CNS 7056PBPK128S. 

FIG. 4: Comparison of Monte Carlo Simulated Proportion 
of Drop-outs, Failures and Zero MOAA/S Scores after 
Intravenous Administration of CNS 7056 to 1000 Subjects 
(Based on Model MOAASALLMIN61S). 

FIG. 5: Simulated MOAA/S Curves for a Typical Subject 
after Various Doses of Fentanyl followed, 4 Minutes Later 
by 7 mg of CNS 7056 (Based on Model 
MOAASALLFEN26S). 

FIG. 6: Comparison of Monte Carlo Simulated Propor 
tions of Drop-outs, Zero MOAA/S Scores and Subjects 
“Scopable' after Various Dosing Combinations of Fentanyl 
and CNS 7056 (Top-up Doses kept constant at 3 mg) to 1000 
Subjects (Based on Fentanyl-Interaction Analysis CNS 7056 
FEN26) 

FIG. 7: Simulated MOAA/S Curves for a Typical Subject 
after a 100 mcg Dose of Fentanyl followed by 8 mg of CNS 
7056 after Various Intervals (Based on Model 
MOAASALLFEN26S) 

TABLE 1. 

Run Number 

128S 135S 142S 144S 

Number of Individuals. Records 99.1426 99.1426 99.1426 99.1426 
Clearance Organ Lung Lung Lung Central Lung Liver 
Number of Compartments 3 4 3 4 
Summary of Thetas and RSE % 

Blood/Plasma Cardiac Flow (1/h) 173 (3.37) 174 (3.59) 177 (3.54) 175 (2.68) 
Pulmonary Clearance (1/h) 49.1 (2.02) 48.7 (2.00) 44.5 (6.11) 45.0 (4.24) 
Central Volume (1) 1.71 (15.2) 1.24 (19.3) 1.93 (15.8) 0.834 (15.8) 
Inter-Tissue Clearance (4) (1/h) 74.6 (3.29) 68.5 (5.45) 72.4 (3.61) 46.2 (7.27) 
Inter-Tissue Clearance (5) (1/h) 25.7 (6.18) 42 (5.57) 25.3 (6.16) 40 (5.12) 
Peripheral Volume (4) (I) 13.5 (9.18) 8.14 (12.8) 134 (9.32) 6.47 (13.5) 
Deep Volume (5) (I) 23.4 (4.57) 23.8 (4.78) 23.1 (4.58) 22.7 (5.28) 
Inter-Tissue Clearance (6) (I/h) 3.12 (13.2) 3.07 (15.1) 
Deeper Volume (6) (I) 12 (20.4) 10.9 (16.7) 
Extra-pulmonary Clearance (1/h) 8.53 (52.4) 6.15 (49.7) 
Average Theta RSE % 6.27 9.71 12.70 13.56 



US 9,561,236 B2 
23 
TABLE 1-continued 

Run Number 

24 

128S 135S 142S 144S 

Summary of Etas and RSE % 

Pulmonary Clearance (%) 14.35 (6.07) 14.42 (6.13) 17.12 (8.97) 16.22 (7.32) 
Central Volume (%) 146.9 (52.9) 190.2 (66.8) 143.6 (52.2) 368.5 (105.) 
Peripheral Volume (%) 50.10 (18.0) 71.40 (25.4) 50.48 (18.2) 90.06 (30.2) 
Deep Volume (%) 22.55 (9.94) 23.44 (10.3) 22.59 (10.0) 24.10 (10.9) 
Average Eta (%) 58.48 74.87 58.47 124.75 
Average Eta RSE % 21.75 27.18 22.39 38.58 
Proportional Error (%) 21.81 (3.43) 21.03 (3.24) 21.74 (3.40) 20.98 (3.17) 
Additive Error (+) (ig/ml) 0.122 (61.8) 0.111 (60.2) 0.123 (61.5) 9.949 (66.5) 
Objective Function 8465.96 8355.34 8463.65 8338...SS 
Objective Function - Baseline -110.62 -2.31 -127.40 
Number of Evaluations 451 (0:4:4) 391 (0:4:13) 654 (0:5:26) 869 (0:17:57) 
(Time Taken) 
Number of Significant FIGURES 6.8O 6.50 4.70 6.30 
Error Messages None None None None 
Maximum Eigenvalue ratio 65.99 18.08 94.42 130514.70 

Relative standard error (RSE '%) 
Note: 

The compartmental volumes and clearances are numbered as follows: 
(1) = central, 
(2) = pulmonary, 
(3) = arterial, 
(4) = peripheral, 
(5) = deep, 
(6) = deeper, 
(7) = hepatic. 

TABLE 2 30 TABLE 2-continued 

Covariate Factor Objective Covariate? Factor Objective 
Run Parameter Exponent (02)' Function (OFV) AOFV Run Parameter Exponent (02)' Function (OFV) AOFV 

128S 8465.96 156S Age/V1 -0.47 8464.43 -153 
126S m/Q 8465.96 O.OO 35 157S HR2V1 2.64 8451.65 -14.31 
127S Weight/O O.OS 8465.92 -0.04 158S HR6.V1 2.53 8463.11 -2.84 
130S Weight/V1 2.98 8466.48 O.S3 159S HR/Q, V1 -0.2252.01 8445.74 -20.22 
137S Weight/CL O.129 84642O -1.76 
1SOS Sex V1 -O.287 8483.68 17.72 Sagital variate - Parameter = 01 x (1 - Category * 02) (Category = 1 in males and 
152S Weight/V4 O.964 8462.22 -374 Continuous Covariate - Parameter = 01 x (Covariate Value/Standard) 02 (Standard 
153S Weight/V5 O.2O6 8465.29 -0.67 40 Body-weight = 70 kg, Median age = 37 y, Median Heart-rates = 64, 76, 72 bpm, for 

pre-dose, 2 minutes and 6 minutes, respectively) 
154S HRY 2.44 8447.20 18.76 HR, HR2 and HR6 represent heart-rates taken pre-dose and 2 and 6 minutes post-dose, 
155S HR/Q -0.424 8452.71 -13.25 respectively 

TABLE 3 

Summary file MOAASOO1 PO1 S MOAASOO2PO1S MOAASALLO1S 
Number of Individuals. Records 54,1241 45,1523 99.2764 

Summary of Thetas and (RSE '%) 

ECso (Lig/ml) 0.369 (7.91) 0.332 (5.18) 0.349 (4.35) 
Hill Coefficient (Y) 3.16 (8.82) 4.64 (8.81) 3.92 (6.76) 
EMIN 0.0 (—) 0.0 (—) 0.0 (—) 
EMAX 5.0 (—) 5.0 (—) 5.0 (—) 
keO (h) 14.3 (6.97) 15.0 (6.73) 14.8 (5.08) 
Average Theta RSE '% 7.91 6.91 5.399 
Summary of Etas and (RSE '%) 

ECso (%) 49.98 (26.3) 27.92 (15.3) 36.02 (15.9) 
Hill Coefficient (Y) (%) 44.94 (23.9) 38.31 (22.3) 54.49 (23.9) 
ke0 (%) 37.41 (22.7) 34.91 (21.7) 35.23 (18.3) 
Average Eta 44.11 33.72 41.91 
Average Eta RSE % 24.36 1982 1941 
Additive Error (+) 0.408 (11.8) 1.140 (15.5) 0.887 (9.26) 
Objective Function -655.81 2197.06 2641.12 
Number of Evaluations (Time Taken) 216 (0:0:11) 165 (0:0:15) 197 (0:0:26) 
Number of Significant Figures 4.2O S.OO 4.2 
Maximum Eigenvalue ratio 4.71 6.24 3.608 
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TABLE 4 

Summary file MOAASALLO1S 
Number of Individuals. Records 99.2764 

Summary of Thetas and RSE % 

ECso (Lig/ml) 0.349 (4.35) 
Hill Coefficient (Y) 3.92 (6.76) 
EMIN 0.0 (—) 
EMAX 5.0 (—) 
ke() (h) 14.8 (5.08) 
ECso with Fentanyl 
Effect of Fentanyl on ECso (02) 
Average THETA RSE '% 5.399 
Summary of Etas and RSE % 

ECso (%) 36.02 (15.9) 
Hill Coefficient (Y) (%) 54.49 (23.9) 
ke0 (%) 35.23 (18.3) 
Average Eta (%) 41.91 
Average Eta RSE % 1941 
Additive Error 0.887 (9.26) 
Objective Function 2641.12 
Objective Function-Baseline 
Number of Evaluations (Time Taken) 197 (0:0:26) 
Number of Significant Figures 4.2 
Maximum Eigenvalue ratio 3.608 

US 9,561,236 B2 

MOAASALLOSS MOAASALL09S 
99.2764 99.2764 

0.364 (5.35) 0.38 (7.68) 
3.9 (7.10) 3.93 (6.81) 
0.0 (—) 0.0 (—) 
5.0 (—) 5.0 (—) 

14.8 (5.10) 14.9 (5.08) 
0.338 (7.36) 

–0.10 (89.4) 
6.232 26.741 

35.70 (15.8) 35.54 (15.7) 
54.72 (24.0) 54.72 (24.0) 
35.07 (18.5) 35.07 (18.5) 

41.84 41.78 
1947 1944 

0.887 (9.30) 0.887 (9.28) 
2640.27 2639.39 

-O.85 -1.73 
238 (0:0:22) 229 (0:0:23) 

S.6 4.9 
4.O3O 7.290 

EC50 = 01 x (Scaled Dose) 02, where “scaled dose” = 1 for no fentanyl, 2 for 50 lug and 3 for 75 lug. 
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TABLE 5 TABLE 5-continued 

Parameter Value Parameter Value 

30 Central Volume of Distribution 11.9 L 
Systemic Clearance 62.4 Lih Peripheral Volume of Distribution S13 L. 
Inter-Tissue Clearance 654 Lh 

TABLE 6 

Summary file CNS7056FENO1AS CNSTO56FENO3S CNSTO56FENO4S CNSTO56FENOSS CNSTO56FENO6S 

Number of Individuals. Records 99.2764 99.2764 99.2764 99.2764 99.2764 

Summary of THETAs and RSE '% 

ECso (Lig/ml) 0.349 (4.38) 0.348 (—) 0.342 (4.44) 0.346 (4.30) 0.348 (4.39) 
Hill Coefficient (Y) 3.9 (6.87) 3.88 (—) 4.08 (7.15) 4.24 (7.52) 4.4 (5.97) 
EMIN 0.0 (—) 0.0 (—) 0.0 (—) 0.0 (—) 0.0 (—) 
EMAX 5.0 (—) 5.0 (—) 5.0 (—) 5.0 (—) 5.0 (—) 
ke() (h) 14.8 (5.08) 15 (—) 15.1 (4.78) 14.4 (4.57) 13.9 (4.70) 
Conc.-EQ. -4.46 (—) 0.00 (—) 21.5 (16.6) 23.7 (30.7) 
Effect of Scope on ECso 0.116 (5.95) 0.145 (5.27) 0.144 (4.92) 
Average THETA RSE '% 5.45 5.59 7.66 10.14 
Summary of ETAS and RSE % 

ECso (%) 36.33 (16.0) 36.48 (—) 36.48(16.0) 35.54 (15.8) 35.54 (16.0) 
Hill Coefficient (Y) (%) 55.55 (24.3) 55.43 ( ) 58.80 (25.1) 60.39 (25.4) 61.52 (25.5) 
keO (%) 35.07 (18.2) 35.07 ( ) 32.36 (16.7) 31.39 (16.5) 32.12 (16.8) 
Conc.-EQ. 162.2 (82.6) 
Average ETA 42.32 42.33 42.SS 42.45 72.86 

Average ETA RSE '% 1954 19.32 1926 35.29 

Additive Error (+) 0.886 (9.26) 0.886 ( ) 0.872 (9.20) 0.869 (9.30) 0.854 (9.50) 
Objective Function 2637.82 2637.10 2S70.26 2554.OO 2S18.82 

Objective Function-Baseline -O.72 -67.57 -83.82 -119.00 

Number of Evaluations (Time Taken) 189 (0:0:36) 245 (0:0:51) 337 (0:1:12) 350 (0:1:17) 254 (0:1:11) 
Number of Significant Figures 4...SO 7.60 6.50 5.30 6.OO 
Error Messages None 134 (Rounding Error) None None None 
Maximum Eigenvalue ratio 3.59 1.00 3.62 4.47 4.67 
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TABLE 7 

Summary file 

CNS7056FENO1AS CNSTO56FENO7S CNSTO56FENO8S CNSTO56FENO9S CNS 705.6FEN12S CNSTO56FEN13S 
Number of Individuals. Records 

99.2764 99.2764 99.2764 99.2764 99.2764 99.2764 
Length of Stimuli 

1 min /3 min /2 min /2 min /2 min 

Summary of THETAS and 
RSE 9/o 

ECso (Lig/ml) 0.349 (4.38) 0.336 (4.28) 0.328 (448) 0.331 (4.16) 0.323 (4.42) 0.321 (4.33) 
Hill Coefficient (Y) 3.9 (6.87) 4 (2.6) 3.96 (6.18) 4.43 (6.41) 4.11 (6.54) 4.18 (7.03) 
EMIN 0.0 (—) 0.0 (—) 0.0 (—) 0.0 (—) 0.0 (—) 0.0 (—) 
EMAx 5.0 (—) 5.0 (—) 5.0 (—) 5.0 (—) 5.0 (—) 5.0 (—) 
ke() (h) 14.8 (5.08) 14.2 (4.66) 13.7 (4.30) 12.8 (4.02) 14.1 (4.19) 13.9 (4.51) 
Effect of Stimulus on ECso 1.24 (1.11) 1.27 (0.85) 1.23 (0.89) 1.25 (0.82) 1.29 (2.43) 
Conc.-EQ. 41.3 (7.21) 
Effect of Scope on ECso 0.155 (4.74) 0.115 (5.41) 0.105 (6.2) 
Average THETA RSE '% 5.45 3.17 3.96 4.58 4.28 4.90 
Summary of ETAS and RSE % 

ECso (%) 36.17 (16.0) 35.86 (15.7) 35.70 (15.8) 34.42 (15.9) 36.17 (16.3) 35.07 (16.1) 
Hill Coefficient (Y) (%) 55.67 (24.3) 51.09 (22.1) 47.95 (20.9) 52.20 (22.7) 49.35 (21.9) 54.25 (23.7) 
ke0 (%) 35.07 (18.2) 32.43 (16.8) 31.51 (16.1) 28.25 (15.0) 29.25 (15.2) 30.47 (15.9) 
Effect of Stimulus on ECso 10.70 (8.05) 
Average ETA 42.31 39.80 38.39 38.29 38.26 32.63 
Average ETA RSE '% 19.55 1824 17.63 17.92 17.86 15.94 
Additive Error (+) 0.886 (9.26) 0.849 (9.28) 0.832 (9.38) 0.814 (9.11) 0.822 (9.26) 0.808 (9.14) 
Objective Function 2637.23 2400.O1 2285.97 21.89.77 2231.79 2200.91 
Objective Function - Baseline -237.22 -351.26 -447.46 -405.44 -436.32 
Number of Evaluations 191 (0:0:38) 241 (0:1:4) 214 (0:0:53) 273 (0:0:58) 211 (0:0:48) 263 (0:1:9) 
(Time Taken) 
Number of Significant Figures 4.80 7.50 7.40 7.30 6.60 6.40 
Maximum Eigenvalue ratio 3.58 3.64 3.76 4.68 3.71 5.52 
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TABLE 8 

Summary file MOAASALLO1S MOAASALL18S MOAASALL21 S MOAASALL22S MOAASALL23S MOAASALL33S 
Number of Individuals. Records 99.2764 99.2764 99.2764 99.2764 99.2764 99.2764 

Length of Additional Stimuli 401 min 1 min /2 min 
Summary of Thetas and RSE % 

ECso (Lig/ml) 0.349 (4.35) 0.342 (4.38) 0.336 (4.34) 0.336 (4.31) 0.329 (4.34) 0.342 (4.41) 
Hill Coefficient (Y) 3.92 (6.76) 4.1 (7.04) 4.02 (6.54) 3.98 (6.50) 3.92 (6.09) 4.21 (7.22) 
EMIN 0.0 (—) 0.0 (—) 450.0 (—) 0.0 (—) 0.0 (—) 0.0 (—) 
EMAx 5.0 (—) 5.0 (—) 5.0 (—) 5.0 (—) 5.0 (—) 5.0 (—) 
keO (h) 14.8 (5.08) 15.1 (4.77) 14.2 (4.65) 14.4 (4.86) 14 (4.63) 15 (4.64) 
Effect of Scope on ECso 0.116 (5.95) 0.098 (19.8) 
Effect of Stimulus on ECso 1.25 (1.17) 0.574 (1.21) 0.589 (1.03) 
Average Theta RSE % S.40 S.S4 so 4.18 4.23 4.O3 9.02 
Summary of Etas and RSE % 

ECso (%) 36.02 (15.9) 36.17 (15.9) 35.54 (16.0) 35.86 (16.2) 35.86 (16.4) 36.48 (16.0) 
Hill Coefficient (Y) (%) 54.49 (23.9) 57.77 (24.8) 50.35 (22.3) 51.71 (22.7) 48.59 (21.4) 59.37 (25.3) 
ke0 (%) 35.23 (18.3) 32.43 (16.8) 32.43 (17.0) 33.27 (16.9) 31.98 (16.2) 31.53 (16.4) 
Effect of Scope on ECso (%) 55 114.7 (68.5) 
Average Eta (%) 41.91 42.13 39.44 40.28 38.81 60.53 
Average Eta RSE % 1941 19.20 18.50 1863 18.06 31.59 

Additive Error (+) 0.887 (9.26) 0.874 (9.20) 0.847 (9.29) 0.845 (9.31) 0.830 (9.29) 0.857 (9.31) 
Objective Function 2641.12 2573.85 2387.30 2379.23 2269.70 2S30.09 
Objective Function - Baseline -67.27 60-253.82 -261.90 -371.43 -111.03 
Number of Evaluations (Time 197 (0:0:26) 247 (0:0:29) 248 (0:0:27) 259 (0:0:29) 249 (0:0:29) 316 (0:0:46) 
Taken) 
Number of Significant Figures 4.20 4...SO 4.2O S.OO 4.40 4.6O 
Maximum Eigenvalue ratio 3.61 3.62 4.78 3.98 3.42 3.72 

65 

Size of spike taken into account 
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TABLE 9 

Summary file MOAASALL25S MOAASALL26S MOAASALL27S MOAASALL29S MOAASALL31S MOAASALL32S 
Number of Individuals. Records 99.2764 99.2764 99.2764 99.2764 99.2764 99.2764 
Length of Additional Stimuli 1 min 1/3 min /2 min /2 min /2 min 1/3 min 
(mins.) 
Summary of Thetas and RSE % 

ECso (Lig/ml) 0.332 (4.30) 0.325 (4.36) 0.322 (4.28) 0.323 (445) 0.323 (4.42) 0.323 (448) 
Hill Coefficient (Y) 4.12 (6.79) 4.04 (6.31) 4.2 (6.88) 4.05 (6.41) 4.14 (6.30) 4.29 (6.57) 
EMIN 0.0 (—) 0.0 (—) 0.0 (—) 0.0 (—) 0.0 (—) 0.0 (—) 
MAX 5.0 (—) 5.0 (—) 5.0 (—) 5.0 (—) 5.0 (—) 5.0 (—) 

keO (h) 14.7 (4.54) 14.2 (4.48) 13.9 (4.55) 14.2 (459) 14.1 (4.22) 14.1 (4.13) 
Effect of Scope on ECso 0.103 (6.08) 0.088 (7.09) 0.102 (6.38) 0.098 (6.84) 0.109 (5.72) 0.089 (24.5) 
Effect of Stimulus on ECso 0.564 (1.08) 0.58 (0.95) 1.29 (2.34) 0.589 (2.34) 1.25 (0.84) 1.24 (0.79) 
Average Theta RSE % 4.56 4.64 4.89 4.93 4.30 8.11 
Summary of Etas and RSE '% 
ECso 36.02 (16.1) 36.02 (16.4) 34.74 (15.9) 35.38 (16.4) 35.86 (16.2) 36.17 (16.3) 
Hill Coefficient (Y) 53.41 (23.6) 48.34 (22.6) 52.93 (23.4) 48.59 (22.0) 48.34 (21.6) 51.46 (23.1) 
keO 30.20 (15.2) 30.09 (15.5) 30.58 (15.9) 30.70 (16.2) 29.47 (15.2) 28.76 (14.5) 
Effect of Stimulus on ECso 10.27 (7.87) 10.12 (7.54) 
Effect of Scope on ECso 163.3 (100) 
Average Eta 39.88 38.15 32.13 31.20 37.89 69.95 
Average Eta RSE % 1834 18.2O 15.8O 15.57 17.70 38.70 
Additive Error (+) 0.838 (9.34) 0.825 (9.33) 0.807 (9.23) 0.816 (9.36) 0.821 (9.30) 0.798 (9.40) 
Objective Function 2342.71 2244.30 21.93.54 2228.47 2221.61 2152.84 
Objective Function - Baseline -231.14 -329.55 -380.30 -345.38 -352.23 –421.01 
Number of Evaluations (Time 232 (0:0:26) 306 (0:0:35) 344 (0:0:46) 283 (0:0:38) 321 (0:0:32) 489 (0:1:7) 
Taken) 
Number of Significant Figures 4...SO 4.2O 4.OO 4.10 4.70 5.50 
Maximum Eigenvalue ratio 4.59 4.08 S.62 S.10 3.76 4.13 

Size of spike taken into account 
Relative to MOAASALL18S (Table 8) 

TABLE 10 

Summary file CNS7056FENO9S CNSTO56FEN1OS CNSTO56FEN11S CNS 705.6FEN14S CNSTO56FEN18S CNS7056FEN1.9S 

Number of Individuals. Records 99.2764 99.2764 99.2764 99.2764 99.2764 99.2764 

Summary of THETAs and RSE '% 

ECso (Lig/ml) 0.331 (4.16) 0.333 (4.50) 0.328 (4.26) 0.331 (2.35) 0.331 (4.44) 0.333 (4.71) 
Hill Coefficient (Y) 4.43 (6.41) 4.6 (7.32) 4.41 (7.30) 4.64 (2.15) 4.56 (7.12) 4.69 (6.09) 
EMIN 0.0 (—) 0.0 (—) 0.0 (—) 0.0 (—) 0.0 (—) 0.0 (—) 
EMAX 5.0 (—) 5.0 (—) 5.0 (—) 5.0 (—) 5.0 (—) 5.0 (—) 
ke() (h) 12.8 (4.02) 12.5 (5.00) 12.9 (4.20) 12.4 (1.52) 12.9 (3.89) 12.6 (4.36) 
Effect of Stimulus on ECso 1.23 (0.89) 1.22 (0.72) 1.26 (2.12) 1.25 (0.88) 1.22 (0.81) 1.21 (0.68) 
Conc.-EQ. 41.3 (7.21) 33.1 (29.2) 33.2 (8.37) 30.3 (28.8) 38.3 (7.72) 28.2 (30.6) 
Effect of Scope on ECso 0.155 (4.74) 0.158 (4.22) 0.147 (4.97) 0.143 (4.10) 0.131 (17.2) 0.133 (13.9) 
Average THETA RSE '% 4.58 8.50 S.21 6.64 6.88 10.09 

Summary of ETAS and RSE % 

ECso (%) 34.42 (15.9) 34.74 (16.0) 33.77 (15.7) 33.93 (6.97) 34.91 (15.3) 35.23 (14.1) 
Hill Coefficient (Y) (%) 52.20 (22.7) 55.20 (24.6) 54.61 (24.3) 57.88 (15.0) 56.49 (23.3) 59.03 (25.8) 
ke0 (%) 28.25 (15.0) 32.93 (16.2) 28.95 (15.8) 32.76 (8.85) 29.13 (15.0) 34.09 (15.5) 
Conc.-EQ. 184.1 (91.1) 200.0 (78.2) 214.1 (113) 
Effect of Stimulus on ECso 9.277 (7.17) 8.659 (4.36) 
Effect of Scope on ECso 99.28 (60.9) 90.57 (56.4) 
Average ETA 38.29 76.77 31.65 66.66 54.96 86.61 

Average ETA RSE '% 17.92 37.04 15.78 22.71 28.69 4S.O.S 

Additive Error (+) 0.814 (9.11) 0.790 (9.44) 0.803 (9.21) 0.778 (9.81) 0.790 (9.51) 0.767 (9.42) 
Objective Function 21.89.77 2126.25 21 68.99 2102.48 2116.61 2053.72 

Objective Function - Baseline -63.52 -20.79 -87.29 -73.17 -136.05 

Number of Evaluations (Time 273 (0:0:58) 432 (0:1:40) 333 (0:1:12) 390 (0:1:47) 298 (0:1:11) 378 (0:1:40) 
Taken) 
Number of Significant Figures 7.30 6.10 6.2O 8.2O 7.50 10.10 
Maximum Eigenvalue ratio 4.68 5.38 7.17 13.35 S.69 6.43 
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Adjusted 
Score Parameters 

Run O' 5' EMIN EMAx 

FEN1OS O.O1 S.O O 5 
FEN16S -15 5.1 -1.96 4.97 
FEN17S -15 S.O -1.83 4.98 
FEN1.9S O.O1 S.O O 5 
FEN2OS -1.25 5.05 - 1.65 4.95 
FEN21S -13 SOS -1.SS 4.90 
FEN22S -13 SOS -1.72 4.95 
FEN23S -1.25 5.0 -1.48 4.85 
FEN24S -1.25 5.0 -1.51 4.85 
FEN25S -1.25 5.0 -1.67 4.88 
FEN26S -13 S.O -1.54 4.84 
FEN27S -1.25 5.0 -1.62 4.91 
FEN28S -1.25 5.0 -1.45 4.87 
FEN29S -1.25 5.0 -1.58 4.89 
FEN3OS O.O1 S.O -0.105 4.94 
FEN32S -13 S.O -1.67 4.90 
Observed 

ITV on additional stimulus 
IV on Eary 
ITV on equivalence factor 
IIV on scoping factor 

TABLE 11 

O 1 

208 364 
462 187 
468 173 
230 342 
433 211 
452, 181 
434 211 
450 184 
434 202 
436 207 
454 18O 
430 210 
436 201 
434 211 
233 330 
436 204 
43S 141 

US 9,561,236 B2 

Total Scores 

2 

291 
232 
232 
286 
232 
225 
230 
219 
234 
227 
219 
240 
236 
238 
297 
240 
237 

3 4 

3S4 420 
278 437 
27O 462 
347 416 
298. 447 
291 429 
298. 446 
295 445 
280 454 
301 461 
295 444 
305 479 
304 445 
3OO 457 
346 440 
3O3 478 
330 477 

Integer values of Ely and Ety are fixed; all other values are fitted by the model 

Summary file 
Number of Individuals. Records 

Summary of Thetas and RSE % 

ECso (Lig/ml) 
Hill coefficient (Y) 
EMIN 
EMAX 
ke() (h) 
Effect of Additional Stimulus on ECso 
Fentanyl concentration-equivalence 

Effect of Scope on ECso 
Average Theta RSE % 
Summary of Etas and RSE % 

ECso 
Hill coefficient 

EMIN 
Effect of Scope on ECso 
Fentanyl concentration-equivalence 

EMIN 
Average Eta 

Average Eta RSE % 

Additive Error (+) 
Objective Function 
Objective Function-Baseline 
Number of Evaluations (Time Taken) 
Number of Significant Figures 
Maximum Eigenvalue ratio 

MOAASALLMIN62SC MOAASALLMIN65SC 

99.2764 

0.367 (5.01) 
4.20 (7.47) 
-1.56 (13.0) 
4.88 (1.20) 
13.2 (3.83) 
1.28 (1.08) 

0.089 (5.75) 
5.35 

34.91 (15.8) 
53.17 (23.0) 
29.73 (15.2) 

94.18 (38.7) 
53.00 

23.24 

1.019 (10.3) 
3480.36 

277 (0:0:52) 
7.50 

10.11 

Table 12 

99.2764 

0.369 (5.01) 
4.62 (8.41) 
-1.54 (7.20) 
4.85 (0.87) 
13.2 (4.01) 
1.25 (0.93) 

0.058 (35.2) 
8.82 

35.23 (14.8) 
69.49 (30.2) 
28.87 (11.7) 
327.1 (186) 

115.20 

60.86 

0.993 (10.0) 
3383.98 

312 (0:0:56) 
7.20 

9.46 

5 

27 
68 
59 
43 
43 
86 
45 
71 
60 
32 
72 
OO 
42 
24 
18 
O3 

Predicted 
Observed 

Mean CV (%. Etas 

20 S9.82 4 
O2 16.30 4 
O1 13.30 4 
18 55.16 5° 
OS 21.02 4 
O2 14.52 5cc 
.05 21.10 4 
.02 14.82 5° 
.04. 19.44 4 
05 19.77 4 
O2 13.88 5° 
.06 19.85 4 
.05 18.09 4 
O6 20-S6 3 
18, 52.15 4 
.06 18.32 4° 

CNS7056FEN31S 

99.2764 

0.378 (1.51) 
5.04 (4.12) 
-1.57 (2.99) 
4.84 (0.15) 
12.2 (1.01) 
1.23 (0.54) 
40.1 (6.28) 
0.098 (6.04) 

2.83 

32.93 (7.68) 
75.07 (23.0) 
31.91 (8.04) 
170.1 (58.6) 

77.53 

24.38 

0.978 (8.69) 
3332.57 

-51.41 

348 (0:2:14) 
8.2O 

91.55 
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2126.25 
3616.30 
3552.02 
2053.72 
3364.80 
3293.07 
341O.OO 
3216.41 
3289.08 
3337.03 
3259.55 
3415.58 
3408.37 
3423.35 
2109.72 
3461.03 

CNSTO56FEN32S 

992764 

0.375 (1.63) 
4.30 (2.06) 
-1.67 (3.11) 
4.90 (0.31) 
12.4 (1.38) 
1.26 (0.92) 
32.0 (8.87) 
0.13 (5.34) 

2.96 

33.10 (9.51) 
54.25 (11.9) 
29.06 (11.6) 

93.78 (38.1) 
52.55 

17.82 

1.014 (9.35) 
3461.03 

-1932 

439 (0:1:46) 
840 

90.28 

CNS7056FEN26S 

99.2764 

0.380 (0.94) 
5.16 (2.32) 
-1.54 (1.75) 
4.84 (0.15) 
12.1 (0.91) 
1.22 (0.46) 
28.0 (24.8) 
0.101 (4.78) 

4.52 

33.43 (6.80) 
77.04 (20.4) 
34.09 (7.12) 
134.2 (45.0) 
192.6 (59.3) 

94.29 

27.76 

0.952 (9.17) 
3259.55 

-73.02 

454 (0:2:12) 
840 

18.13 
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TABLE 13 

Summary file CNS7056FEN1.9So CNS7056FEN135S19' CNS7056FEN159S19° 
Number of Individuals. Records 99.2764 99.2764 99.2764 
Summary of Thetas and RSE % 

ECso (Lig/ml) 0.333 (4.71) 0.339 (1.36) 0.333 (0.84) 
Hill coefficient (Y) 4.69 (6.09) 4.74 (2.06) 4.7 (2.34) 
EMIN 0.0 (—) 0.0 (—) 0.0 (—) 
EMAx 5.0 (—) 5.0 (—) 5.0 (—) 
ke() (h) 12.6 (4.36) 12.8 (1.01) 12.6 (1.14) 
Effect of Stimulus on ECso 1.21 (0.68) 1.2 (0.40) 1.21 (0.61) 
Fentanyl concentration-equivalence 28.2 (30.6) 30.9 (20.4) 28.9 (22.5) 
Effect of Scope on ECso 0.133 (13.9) 0.13 (3.56) 0.135 (5.21) 
Average THETA RSE '% 10.09 4.81 5.45 
Summary of Etas and RSE % 

ECso (%) 35.23 (14.1) 35.23 (5.81) 35.86 (5.67) 
Hill coefficient (%) 59.03 (25.8) 59.49 (13.1) 59.26 (11.9) 
EMIN (%) 34.09 (15.5) 33.43 (6.71) 35.70 (7.08) 
Effect of Scope on ECso (%) 90.57 (56.4) 85.42 (27.9) 84.31 (23.9) 
Fentanyl concentration-equivalence 214.1 (113.) 181.8 (64.9) 212.8 (78.0) 
Average ETA 86.61 79.08 85.59 
Average ETA RSE '% 4S.O.S 23.71 25.35 
Additive Error (+) 0.767 (9.42) 0.768 (9.11) 0.766 (9.53) 
Objective Function 2053.72 2O52.64 2048.04 
Objective Function - Baseline -1.08 -5.68 
Number of Evaluations (Time Taken) 378 (0:1:40) 360 (0:1:52) 384 (0:1:40) 
Number of Significant Figures 10.10 8.2O 8.70 
Maximum Eigenvalue ratio 6.43 12.99 11.81 

Summary file CNS7056FEN26So CNS7056FEN135S26 CNS7056FEN159S26 
Number of Individuals. Records 99.2764 99.2764 99.2764 
Summary of Thetas and RSE % 

ECso (Lig/ml) 0.380 (0.94) 0.386 (2.58) 0.381 (4.17) 
Hill coefficient (Y) 5.16 (2.32) 5.23 (0.54) 5.19 (0.49) 
EMIN -1.54 (1.75) -1.49 (1.67) -1.52 (1.76) 
EMAX 4.84 (0.15) 4.84 (0.17) 4.84 (0.13) 
keO (h) 12.1 (0.91) 12.3 (1.19) 12.1 (0.69) 
Effect of Stimulus on ECso 1.22 (0.46) 1.21 (0.46) 1.22 (0.63) 
Fentanyl concentration-equivalence 28.0 (24.8) 30.6 (17.9) 28.9 (19.9) 
Effect of Scope on ECso 0.101 (4.78) 0.096 (4.23) 0.104 (19.1) 
Average THETA RSE '% 4.52 3.60 5.87 
Summary of Etas and RSE % 

ECso (%) 33.43 (6.80) 33.77 (6.08) 33.77 (5.29) 
Hill coefficient (%) 77.04 (20.4) 77.14 (21.0) 77.45 (21.0) 
Earty (%) 34.09 (7.12) 33.10 (6.63) 36.02 (6.03) 
Effect of Scope on ECso (%) 134.2 (45.0) 117.3 (33.6) 120.4 (39.7) 
Fentanyl concentration-equivalence 192.6 (59.3) 162.2 (52.3) 195.1 (62.3) 
Average ETA 94.29 84.73 92.55 
Average ETA RSE '% 27.76 23.93 26.89 
Additive Error (+) 0.952 (9.17) 0.954 (9.37) 0.950 (9.38) 
Objective Function 3259.55 3262.71 3255.65 
Objective Function - Baseline 3.17 -3.90 
Number of Evaluations (Time Taken) 454 (0:2:12) 533 (0:2:50) 489 (0:2:8) 
Number of Significant Figures 840 8.50 8.30 
Maximum Eigenvalue ratio 18.13 13.77 14.10 

Three-compartment model, 
Four-compartment model, 
Three-compartment model with heart-rate predicting cardiac output and central volume 

TABLE 1.4 

Concen- 55 
tration 
equiva 

ECso lence Scoping ECso 
(g/ml) Gamma ke0 (h') factor Factor (ig/ml) 

N 99 99 99 99 36 60 
Mean O.385 6.435 12.35 40.78 O.178 Geometric 0.372 
SD O.104 3.946 3.01 45.27 O.145 Mean 
SE O.O11 O.399 O.30 4.57 OO15 Mean of the -0.989 
Minimum O.2O2 1.151 5.58 5.94 O.O23 Logs 
Median O.380 S.229 12.14 27.99 O-110 SD of the O.263 
Maximum O.736 21.31 23.30 330.8 0.587 65 Logs 
CV9% 27.0 61.3 24.4 111.0 813 
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TABLE 14-continued 

Gamma 

S.480 

1.701 

0.576 

Concen 
tration 
equiva 
lence Scoping 

ke() (h) factor Factor 

11.98 31.65 O.129 

2.483 

O.252 
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TABLE 1.5 

Zero Scoped after Average 
Regimen Dropouts MOAAS Loading Average Total Dose 
(mg) (%o) Scores (%) Failures (%o) Dose (%o) Top-ups (mg) 

94.5° 10 12.54 2 897 3.133 23.10 
9.f4 13 10.08 10 897 3.344 22.38 
93.5 19 7.76 27 897 3.579 21.53 
9.3 27 6.18 53 897 3.869 20.61 
9,2.5 45 5.25 99 897 4.192 1948 
8:45 15 10.87 2 830 3.275 22.74 
8.4 2O 8.20 13 830 3.478 21.91 
8, 3.5 26 5.89 29 830 3.752 21.13 
8,3 49 4.24 50 830 3.999 2O.OO 
8, 2.5 67 3.30 107 830 4.291 8.73 
7 4.5 19 9.96 4 719 3.428 22:43 
7.4 25 7.20 12 719 3.655 21.62 
73.5 46 4.69 24 719 3.876 20.57 
7 3 69 2.91 48 719 4.1.19 9.36 
7 2.5 96 1.88 114 719 4400 8.OO 
7.2 151 1.42 197 719 4.556 6.11 
6, 4.5 24 9.48 4 566 3.591 22.16 
6.f4 45 6.54 14 566 3.790 21.16 
6.3.5 65 3.84 25 566 4.OOO 2O.OO 
6.3 97 2.07 50 566 4230 8.68 
62.5 157 1.08 106 566 4.377 6.94 
S.45 44 9.57 3 380 3.668 21.51 
S.4 68 6.44 8 380 3.859 20.44 
5.3.5 97 3.78 17 380 4.079 9.28 
5.3 153 1.83 43 380 4.218 7.66 
5.2.5 237 0.72 68 380 4.234 5.59 

TABLE 16 

Geom. Mean 
Parameter Units (Typical Value) Mean of Logs. S.D. of Logs Subject 1210 

Clearance (1/h) 49.16 3.895 O.138 43.92 
V1 (l) 1.770 0.571 O.979 6.107 
V2 (l) 1.103 O.098 O-110 1.209 
V3 (l) 0.717 -O.333 O-110 O.786 
Q4 (1/h) 74.56 74.56 
Q5 (1/h) 25.74 25.74 
V4 (l) 13.68 2.616 O42O 21.59 
V5 (l) 23.24 3.146 O.186 24.18 
Q (Q2, Q3) (1/h) 173.4 173.4 
Q1 = (Q - Q4 - Q5) (1/h) 73.06 73.06 
ECso (g/ml) O.363 -1.023 O.274 O.18O 
Hill coefficient 4.03 1419 0.357 6. 627 
keO (h) 13.3 2.584 O.210 12.17 
EMIN -1.50 a -0.742 
EMAx S.O S.O 
Effect of Pain on ECso 1.28 1.28 
Effect of Scope on O.095 O.095 
ECso 
Weight (kg) 77.20 4.346 O-110 846 

a ASEAN was negative, the natural logarithms could not be calculated and its was set to the population mean (-1.50) 
for all subjects. 
The compartmental volumes and clearances are numbered as follows: 
(1) = central 
(2) = pulmonary, 
(3) = arterial, 
(4) = peripheral, 
(5) = deep. 
V2 (weight 70) and V3 (0.65 x weight 70) are calculated from body-weights. 

Minimum 
Regimen Dosing Gap 

6.3 
6.3 

2 min 
3 min 
4 min 
2 min 
3 min 

TABLE 17 

Dropouts Zero MOAAS Failures Average 60 
(%o) Scores (%) (%o) Top-ups Regimen 

45 6.54 14 3.790 
45 6.50 2 3.789 6.3 
45 6.43 O 3.775 6.3 

97 2.07 50 4.230 65 6/3 
97 2.05 34 4.221 

36 

TABLE 17-continued 

Minimum 
Dosing Gap 

4 min 

5 min 

6 min 

Dropouts 
(%o) 

97 

97 

97 

Zero MOAAS 

Scores (%) 

1.97 

1.81 

1.72 

Failures 

(%o) 

30 

40 

Average 
Top-ups 

4.199 

3.891 

3.760 



US 9,561,236 B2 

TABLE 1.8 

Scoped 
CNS 7056 CNS 70S6- Zero after Average 
Regimen Fentanyl Fentanyl Dropouts MOAAS Failures Loading no. of 
(mg) Dose (1g) Gap (min) (%o) Scores (%) (%o) Dose (%o) Top-ups 

6.4 50 4 min 42 9.95 86 604 3.955 
6.f4 75 4 min 28 10.6 87 689 3.899 
6.f4 OO 4 min 24 11.8 83 754 3.806 
5.3 O 4 min 242 3.17 16 211 4.205 
5.3 50 4 min 133 3.88 68 437 4.412 
5.3 75 4 min 102 4.53 75 529 4.423 
5.3 OO 4 min 79 5.39 74 637 4394 
6.3 O 4 min 168 3.42 48 374 4.337 
6.3 50 4 min 93 4.51 97 604 4.387 
6.3 75 4 min 75 5.39 94 689 4.335 
6.3 OO 4 min 57 6.60 94 754 4.292 
7 3 O 4 min 119 4.OO 61 545 4.338 
7 3 50 4 min 64 5.51 70 735 4.31 
7 3 75 4 min 47 6.83 66 791 4.259 
7 3 OO 4 min 33 8.30 66 839 4.211 
8,3 O 4 min 8O 4.91 59 694 4.295 
8,3 50 4 min 42 7.08 56 829 4.208 
8,3 75 4 min 27 8.47 62 868 4.151 
8,3 OO 4 min 24 10.3 43 897 4.072 
9.3 O 4 min 52 6.20 53 793 4.2.19 
9.3 50 4 min 26 9.02 47 882 4.087 
9.3 75 4 min 2O 10.8 38 913 4.017 
9.3 OO 4 min 18 12.6 30 925 3.925 

Loading dose Top-up doses 

TABLE 19 

Geom. Mean 

Parameter Units (Typical Value) Mean of Logs. S.D. of Logs. Subject 1210 

Clearance (1/h) 49.16 3.895 O.138 43.92 

V1 (l) 1.770 0.571 O.979 6.107 

V2 (l) 1.103 O.098 O. 110 1.209 

V3 (l) 0.717 -O.333 O. 110 O.786 

Q4 (1/h) 74.56 74.56 
Q5 (1/h) 25.74 25.74 
V4 (l) 13.68 2.616 O42O 21.59 

V5 (l) 23.24 3.146 O.186 24.18 

Q (Q2, Q3) (1/h) 1734 173.4 
Q1 = (Q - Q4 - Q5) (1/h) 73.06 73.06 
ECso (g/ml) O.380 -O.989 O.263 O-269 
Hill coefficient S.16 1.701 0.576 6.596 

keO (h) 12.1 2.483 O.252 6.18 

EMIN -1.54 -1.54 

EMAX 4.84 4.84 

Effect of Pain on ECso 1.216 1.216 
Effect of Scope on 0.129 -2.05 O.837 O.230 
ECso 
Fentanyl equivalence 28.0 3455 O604 126.8 

factor 

Weight (kg) 77.20 4.346 O. 110 846 

38 

a Geometric mean of the 36 subjects from Study CNS 7056-002 who completed the study, 

The compartmental volumes and clearances are numbered as follows: 

(1) = central, 
(2) = pulmonary, 

(3) = arterial, 
(4) = peripheral, 

(5) = deep. 

V2 (weight 70) and V3 (0.65 x weight 70) are calculated from body-weights. 
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TABLE 20 

CNS 7056 CNS 70S6- Zero 
Regimen Fentanyl Fentanyl Dropouts MOAAS 
(mg) Dose (1g) Gap (min) (%o) Scores (%) 

6.3° 50 O.OO 89 4.75 
6.3 50 1.00 86 4.79 
6.3 50 1...SO 88 4.98 
6.3 50 2.00 89 S.04 
6.3 50 2.25 86 4.79 
6.3 50 2.50 91 4.69 
6.3 50 3.00 95 4.68 
6.3 50 3.SO 91 4.70 
6.3 50 4.OO 93 4.51 
6.3 50 4.25 98 4.54 
6.3 50 4...SO 96 4.71 
6.3 50 S.OO 99 4.66 
6.3 50 6.OO 106 4.33 
6.3 50 9.00 116 4.02 

Loading dose Top-up doses 

TABLE 21 

CNS 7056 CNS 70S6- Zero 
Regimen Fentanyl Fentanyl Dropouts MOAAS 
(mg) Dose (Lig) Gap (min) (%o) Scores (%) 
8/3 1OO O.20 24 11.275 
7.2 1OO O.20 76 6.2375 
5.3 1OO O.20 77 6.2075 

Loading dose Top-up doses 
CNS 7056 infusion started immediately after fentanyl infusion completed (-12 seconds) 

TABLE 22 

Rennimazolam - 
8.0/3.0 mg 
Reminnazolam - 
7.0/2.0 mg 
Remimazolam - 
5.0/3.0 mg 
Midazolam - 

2.5/1.0 mg 

Descriptive p values for remimazolam represent pair-wise comparisons between each 
group and midazolam 
Descriptive p value for midazolam represents.comparison to remimazolam groups com 
bined 

Success rate n N (%) 
(ITT) 

37/40 (92.5%), p = 0.066 

38/40 (95.0%), p = 0.025 

39/40 (97.5%), p = 0.007 

30/40 (75.0%), p = 0.007 

TABLE 23 

Drug? dose 
Clinical Phase tested 

Remimazolam - 8.0/3.0 mg 
Remimazolam - 7.0.2.0 mg 
Remimazolam - 5.0/3.0 mg 
Phase IIb (Study CNS7056-004) 

Midazolam 2.5/1.0 mg 
Phase IIb (Study CNS7056-004) 

Remimazolam (combined Success 
rate of 2 highest doses) 
Phase Ib (Study CNS7056-002) 

Fospropofol 6.5 mg/kg (labelled 
dose)* 

Success rate n N (%) 

37/40 (92.5%) 
38/40 (95.0%) 
39/40 (97.5%) 

30/40 (75.0%) 

24/29 (82.8%) 

Phase II: 18,26 
(69.2%) 

Failures 

156 
168 
168 
169 
171 
162 
167 
187 
197 
205 
218 
216 
155 
159 

Failures 

123 
301 
158 

40 

Scoped 
after Average 

Loading no. of 
Dose (%o) Top-ups 

S86 4.262 
575 4.343 
603 4.348 
617 4.371 
598 4.367 
621 4.316 
624 4.324 
600 4.372 
604 4.387 
618 4.343 
611 4.391 
613 4.406 
608 4.347 
569 4.358 

2O 

Scoped 
after Average 

Loading no. of 
Dose (%o) Top-ups 

35 

40 

45 

50 

55 

60 

65 

873 3.912 
800 4.649 
556 4.221 

TABLE 23-continued 

Drug? dose 
Clinical Phase tested Success rate n N (%) 

Phase II and Phase III Phase III: 137,158 

(86.7%) 
Midazolam 0.02 mg/kg Phase II: 21,26 

(80.8%) 
Phase II and Phase III 

Phase III: 36,52 

(69.2%) 

*Success rates taken from fospropofol NDA 
Midazolam dose for procedural sedation is 1-2.5 mg initially, with titration doses of 1 mg 
- equivalent to 0.014-0.036 mg/kg initially, for a 70 kg person 

TABLE 24 

Time to ITT Population 

Procedure Procedure No. of 
All data are means Start Duration Top-up 
(SD) (minutes) (minutes) Doses 

Remimazolam - 8.0/3.0 2.23 (1.44) 13.80 1.43 (1.52) 
ng (6.15) 
Remimazolam - 7.0/2.0 3.03 (2.17) 14.33 2.35 (1.97) 
ng (5.46) 
Remimazolam - 5.0/3.0 2.65 (1.42) 12.90 1.98 (1.64) 
ng (4.92) 
Midazolam - 2.51.0 4.80 (3.19) 13.32 2.48 (1.77) 
ng (7.01) 

after initial dose 
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TABLE 25 

Time to fully 
alert (mins)* 
Mean (SD) 

MOAAS ITT population 

Remimazolam - 8.0/3.0 mg 13.6 (7.48) 
Remimazolam - 7.0/2.0 mg 11.3 (5.69) 
Remimazolam - 5.0/3.0 mg 13.3 (7.21) 
Midazolam - 2.5/1.0 mg 15.2 (7.43) 

*first of three consecutive MOAAS scores of 5 after the last injection of study drug 

Table 26 

Time to ready for 
discharge (mins)* 
Mean (SD) 
After last injection 
ITT population 

Remimazolam - 8.0/3.0 mg 16.8 (7.54) 
Remimazolam - 7.0/2.0 mg 14.0 (6.28) 
Rernimazolam - 5.0/3.0 mg 13.5 (4.83) 
Midazolam - 2.5/1.0 mg 17.1 (7.33) 

first of three consecutive Aldrete scores of a 9 

What is claimed is: 
1. A method of sedating a subject comprising administer 

ing to the subject an initial dose of the besylate salt of 
3-(4S)-8-bromo-1-methyl-6-(2-pyridinyl)-4H-imidazo 1,2- 
a 1,4)benzodiazepin-4-yl)-propionic methyl ester (CNS 
7056) of formula (I) 

(I) 

Br 

NJ 
wherein the initial dose is a fixed dose of between about 

2 mg and about 10 mg and is irrespective of the body 
weight of the Subject, in combination with one or more 
doses of an opioid. 

2. The method of claim 1, wherein the initial fixed dose 
of the besylate salt of the compound of formula (I) is 
selected from the group consisting of between about 3 mg 
and about 10 mg; between about 3 mg and about 9 mg, and 
between about 5 mg and about 8 mg. 

3. The method of claim 1, further comprising administer 
ing to the Subject one or more Subsequent doses of the 
besylate salt of the compound of formula (I), wherein the 
one or more Subsequence doses are fixed doses, are irre 
spective of body weight, and are selected from the group 
consisting of between about 1 mg and about 4 mg; between 
about 1.5 mg and about 3.5 mg; and between about 2 mg and 
about 3 mg. 

4. The method of claim 3, wherein the initial fixed dose 
and the one or more subsequent fixed doses of the besylate 
salt of the compound of formula (I) administered to the 
Subject are selected from the group consisting of: 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

42 
a) about 8 mg of an initial fixed dose and about 3 mg of 

a Subsequent fixed dose, 
b) about 7 mg of an initial fixed dose and about 2 mg of 

a Subsequent fixed dose, and 
c) about 5 mg of an initial fixed dose and about 3 mg of 

a Subsequent fixed dose. 
5. The method of claim 3, wherein the one or more 

subsequent fixed doses of the besylate salt of the compound 
of formula (I) is administered to the subject not earlier than 
2 minutes from the time the initial fixed dose is administered 
to the subject. 

6. The method of claim 3, wherein not more than six 
subsequent fixed doses of the besylate salt of the compound 
of formula (I) are administered to the subject. 

7. The method of claim 1, wherein the opioid is selected 
from the group consisting of morphine, codeine, thebain, 
papaverin, narcotine, heroin, hydromorphone, dihydroco 
deine, thebacon, hydrocodone, oxymorphone, oxycodone, 
ketobemidone, pethidine, anileridine, piminodine, phenope 
ridine, furethidine, alpha-prodin, trimeperidine, meptazi 
nol, profadol, methadone, dextromoramide, levomethadyl 
acetate, phenadoxone, dipipanone, themalon, dextro 
propoxyphene, N-methylmorphinan, levorphanol, dex 
trometorphane, butorphanol, pentazocine, phenazocine, 
ketocyclazocine, bremazocine, Sufentanil, carfentanil, fen 
tanyl, lofentanil, alfentanil, ohmefentanil, remifentanil, pit 
ramide, benztriamide, diphenoxylate, loperamide, tramadol, 
tilidine, U-50488, 1-Benzyl-4-(4-bromo-phenyl)-4-dimeth 
ylaminocyclohexanol, alfentanil, buprenorphine, butorpha 
nol, codeine, dextromoramide, dextropropoxyphene, dezo 
cine, diamorphine, dihydrocodeine, diphenoxylate, 
ethylmorphine, etorphine, hydrocodone, hydromorphone, 
ketobemidone, levomethadone, levomethadyl-acetate, lev 
orphanol, meptazinol, morphine, nalbuphine, nalorphine, 
oxycodone, oxymorphone, pentazocine, pethidine, piritr 
amide, remifentanil, Sufentanil, tilidine, tramadol, tapent 
adol, Met-enkephalin, Leu-enkephalin, nociceptin, beta 
endorphin, endomorphin-1, endomorphin-2, metorphamid, 
dynorphin-A, dynorphin-B and alpha-neoendorphin, or a 
pharmaceutically acceptable salt thereof. 

8. The method of claim 2, wherein the opioid is fentanyl, 
or a pharmaceutically acceptable salt thereof. 

9. The method of claim 7, wherein the opioid is selected 
from the group consisting offentanyl, alfentanil, carfentanil, 
lofentanil, remifentanil, Sufentanil, thiofentanyl, C.-methyl 
thiofentanyl, C.-methylacetylfentanyl, C.-methylfentanyl. 
ohmefentanyl, B-hydroxy-fentanyl, parafluorfentanyl, and 
3-methylfentanyl, or a pharmaceutically acceptable salt 
thereof. 

10. The method of claim 1, wherein the opioid is fentanyl 
or a pharmaceutically acceptable salt thereof. 

11. The method of claim 10, wherein the one or more 
doses of fentanyl, or a pharmaceutically acceptable salt 
thereof, is administered to the subject at a fixed dose of 
between about 50 mcg and about 200 mcg. 

12. The method of claim 10, wherein the one or more 
doses of fentanyl, or a pharmaceutically acceptable salt 
thereof, is administered to the subject before the initial fixed 
dose of the besylate salt of the compound of formula (I) is 
administered to the subject. 

13. The method of claim 12, wherein the one or more 
doses of fentanyl, or a pharmaceutically acceptable salt 
thereof, is administered to the subject within at least 1 
minute, 2 minutes, 5 minutes or 10 minutes prior to the 
administration of the initial fixed dose of the besylate salt of 
the compound of formula (I) to the subject. 
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14. The method of claim 11, wherein a first dose of 
fentanyl, or a pharmaceutically acceptable salt thereof, is 
administered to the subject at a fixed dose of between about 
50 mcg and about 200 mcg, and a second dose offentanyl. 
or a pharmaceutically acceptable salt thereof, is adminis 
tered to the subject at a fixed dose of between about 10 mcg 
and about 50 mcg. 

15. The method of claim 14, wherein the second dose of 
fentanyl, or a pharmaceutically acceptable salt thereof, is 
administered to the subject no earlier than 5 minutes after the 
time the first dose offentanyl, or a pharmaceutically accept 
able salt thereof, is administered to the subject. 

16. The method of claim 15, wherein the second dose of 
fentanyl, or a pharmaceutically acceptable salt thereof, 
administered to the subject does not exceed 200 mcg of 
fentanyl or a pharmaceutically acceptable salt thereof. 

17. The method of claim 1, wherein sedation of the 
Subject is for the purpose of preoperative sedation, amnestic 
use for perioperative events, or conscious sedation during 
diagnostic, operative or endoscopic procedures. 

18. The method of claim 1, wherein sedation of the 
Subject is for the purpose of operative or endoscopic pro 
cedures. 

19. The method of claim 1, wherein a mild to deep 
sedation of the Subject is produced. 

20. The method of claim 1, wherein the subject exhibits 
a sedation having a MOAA/S score selected from the group 
consisting of equal to or below 4: from 1 to 4, from 2 to 4: 
and from 3 to 4. 

21. The method of claim 18, wherein the operative or 
endoscopic procedures is endoscopy or colonoscopy. 

22. The method of claim 1, wherein the besylate salt of the 
compound of formula (I) is administered intravenously. 

23. A method of sedating a Subject comprising adminis 
tering to the Subject one or more doses of fentanyl, or a 
pharmaceutically acceptable salt thereof, in combination 
with an initial dose of the besylate salt of 3-(4S)-8-bromo 
1-methyl-6-(2-pyridinyl)-4H-imidazo[1,2-a 1,4)benzodi 
azepine-4-yl)-propionic methyl ester (CNS 7056) of formula 
(I) 

(I) 

Br 

wherein: 
a) a first dose offentanyl, or pharmaceutically accept 

able salt thereof, is administered to the subject at a 
dose of between about 50 mcg and about 200 mcg no 
earlier than 10 minutes before the initial dose of the 
besylate salt of the compound of formula (I); and 

b) the initial dose of the besylate salt of the compound 
of formula (I) is administered to the subject at a fixed 
dose of between about 5 mg and 8 mg, and is 
irrespective of the body weight of the subject. 
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24. The method of claim 23, wherein the initial fixed dose 

of the besylate salt of the compound of formula (I) is 5 mg. 
25. The method of claim 23, wherein the first dose of 

fentanyl, or pharmaceutically acceptable salt thereof, is 
administered to the subject within 5 minutes prior to admin 
istration of the initial fixed dose of the besylate salt of the 
compound of formula (I) to the subject. 

26. The method of claim 23, wherein a second dose of the 
fentanyl, or pharmaceutically acceptable salt thereof, is 
administered to the subject at a dose of between about 10 
mcg and about 75 mcg no earlier than 5 minutes after the 
time the first dose of fentanyl, or pharmaceutically accept 
able salt thereof, is administered to the subject. 

27. The method of claim 23, further comprising admin 
istering to the Subject one or more Subsequent fixed doses of 
the besylate salt of the compound of formula (I) at a dose of 
between about 2 mg and about 3 mg no earlier than 2 
minutes from the time the initial dose or previous subse 
quent dose of the besylate salt of the compound of formula 
(I) is administered to the subject, and wherein the one or 
more Subsequent doses are fixed doses and are irrespective 
of the body weight of the subject. 

28. The method of claim 27, wherein the initial dose and 
a Subsequent dose of the besylate salt of the compound of 
formula (I) administered to the subject are selected from the 
group consisting of 

a. an initial fixed dose of about 8 mg and a Subsequent 
fixed dose of about 3 mg: 

b. an initial fixed dose of about 7 mg and a Subsequent 
fixed dose of about 2 mg; and 

c) an initial fixed dose of about 5 mg and a subsequent 
fixed dose of about 3 mg. 

29. A method of sedating a Subject comprising adminis 
tering to the Subject an initial dose and one to three Subse 
quent doses of the besylate salt of 3-(4S)-8-bromo-1- 
methyl-6-(2-pyridinyl)-4H-imidazo 1,2-a 1.4 
benzodiazepin-4-yl)-propionic methyl ester (CNS 7056) of 
formula (I) 

(I) 

Br 

NJ 
in combination with one or more doses of fentanyl, or a 

pharmaceutically acceptable salt thereof, wherein: 
a) a first dose of fentanyl, or pharmaceutically accept 

able salt thereof, is administered intravenously to the 
subject at a dose of between about 75 mcg and about 
150 mcg within about 5 minutes prior to adminis 
tration of the initial dose of the besylate salt of the 
compound of formula (I); 

b) the initial dose of the besylate salt of the compound 
of formula (I) is intravenously administered to the 
Subject at a dose of about 5 mg; and 

c) one to three subsequent fixed doses of the besylate 
salt of the compound of formula (I) are intravenously 
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administered to the subject at a dose of between 
about 2 mg and 3 mg no earlier than 4 minutes from 
the time the initial dose or previous Subsequent dose 
of the besylate salt of the compound of formula (I) is 
administered to the subject 5 

wherein all doses of the besylate salt of the compound of 
formula (I) administered to the subject are fixed doses 
and are irrespective of the body weight of the subject. 

30. The method of claim 29, wherein the first dose of 
fentanyl is administered to the subject at a dose of about 100 10 
mcg. 

31. The method of claim 29, wherein a second dose of the 
fentanyl, or pharmaceutically acceptable salt thereof, is 
administered to the subject at a dose of between about 10 
mcg and about 75 mcg no earlier than 5 minutes after the 15 
time the first dose of fentanyl, or pharmaceutically accept 
able salt thereof is administered to the subject. 

32. The method of claim 31, wherein the second dose of 
fentanyl, or pharmaceutically acceptable salt thereof, is 
administered at a dose of about 25 mcg. 2O 
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